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METHODS FOR PRESERVING NUCLEATED MAMMALIAN CELLS 

CROSS-REFERENCES TO RELATED APPLICATIONS 
[0001] This patent application claims priority from U.S. Patent'Application No. 
10/686,904, filed October 16, 2003, U.S. Patent Application No, 10/721,557, filed November 
25, 2003, U.S. Patent AppUcation No. 10/721,678, filed November 25, 2003 and U.S. Patent 
Application No. 10/722,154, filed November 25, 2003. The contents of these applications are 
hereby incorporated by reference. 

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER 
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT 
[0002] This invention was made with Federal support under Grant Nos. N66001-00-C-8048 
and N66001-02-C-8055 awarded by the Defense Advanced Research Projects Agency and 
Grant No. HL57810 and HL61204 awarded by the National Institutes of Health. The 
Government has certain righte in the invention. 

REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER 
PROGRAM LISTING APPENDIX SUBMITTED ON A COMPACT DISK. 
[0003] NOT APPLICABLE 

FIELD OF THE INVENTION 
[0004] Embodiments of the present invention generally broadly relate to biological 
samples, such as mammalian (e.g., human) nucleated cells, such as stem cells, epithelial cells, 
and cells of the immune system. More specifically, embodiments of the present invention 
.generally provide for the preservation and survival of such cells. 

[0005] Embodiments of the present invention also generally broadly relate to the 
therapeutic and in vitro uses of biological samples; more particularly to manipulations or 
modifications of biological samples,-such as loading biological samples with solutes (e.g., 
carbohydrates, such as trehalose) and preparing dried compositions that can be re-hydrated at 
the time of application. When dried biological samples of the present invention are re- 
hydrated, they are restored to viability. 
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BACKGROUND OF THE INVENTION 
[0006] Transporting and storing mammalian cells for in vitro and in vivo use has been 
difficult due to the need of the cells for acceptable temperatures, continued nutrients, and in 
some cases, reduced oxygen tension. Currently, nucleated mammalian cells are stored by 
fteezing them in liquid nitrogen vapor, which requires introduction of a cryoprotectant, such 
as dunethyl sulfoxide (DMSO) into the cells, and freezing them to approximately -152 °C. 
Besides the bulky equipment and supplies needed for such storage, this process creates other 
problems. At the concentrations required to serve as a cyroprotectant, DMSO is toxic to cells 
at physiological temperatures due to hydrophobic interactions with the proteins and 
membranes, and thus extensive washing of the cells is required following thawing. The 
thawing and washing procedures can reduce cellular viability and recovery, which could then 
affect clinical efficacy. 

[0007] Dehydrating cells represents an altemative to current approaches to storing cells. It 
has been shown effective for the storage of human blood platelets at room temperature for up 
to 2 years, during which time recovery and response to thrombin remained essentially 
unchanged. Unfortunately, methods that are useful for platelets and methods that are useful 
for red blood cells are not useful for nucleated mammalian cells. Efforts to dry nucleated 
cells have also been reported, but achieving consistent results of highly viable, 
physiologically active cells following dehydration to low water contents remains elusive. 

[0008] The dehydration and rehydration steps themselves are extremely stressful to the 
biological samples, thus protective compounds are required to safeguard the membranes and 
proteins during these procedures, analogous to the use of cryoprotectants during freeze-thaw 
cycles. Trehalose, a disaccharide found in high concentrations in many desiccation-tolerant 
an itpals and plants has been the excipient of choice for many cellular dehydration studies, 
due to its ability to replace the hydrogen bonded water molecules in the dehydrated samples, 
its high glass transition temperature, and the stability of the glycosidic bond. Unfortunately, 
mammalian cells lack a transporter for trehalose, and various methods, such as inducing 
pores in the cells for brief periods or transfecting cells, have been tried in attempts to load 
mammaUan cells with trehalose in amounts sufficient to provide protection during drying and 
rehydration. 
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[00091 It would be desirable to have improved methods for dehydratmg and rehydrating 
nucleated cells. The present invention fills these and other needs. 

BRIEF SUMMARY OF THE INVENTION 
[00101 The invention provides methods and compositions for improving the viability and 
activity of mammalian nucleated cells that are dried and rehydrated. 
[00111 In a first group of embodiments, the mvention provides methods for loading a 
disaccharide into mammaUan nucleated ceUs, comprising: contacting said cells for at least 2 
hours with a solution comprising a disaccharide, thereby loading the cells with disaccharide 
to produce disaccharide-loaded mammalian nucleated cells. In some embodiments, the cells 
are stem cells, immune system cells, or epitheUal cells. The contacting can be for 10 hours, 
or 24 hours. The disaccharide can be, for example, sucrose, maltose or trehalose, but is 
preferably trehalose. The solution can fiulher comprise not more than 3% dimethyl 
sulfoxide. 

[0012] In another group of embodiments, the invention provides methods for increasing 
survival of mammalian nucleated cells following drying and rehydration, comprising: (a) 
contacting the cells with a solution comprising a disaccharide for at least 2 hours, thereby 
producing disaccharide-loaded cells, (b) drying the disaccharide-loaded cells to a residual 
water content between 0.2 and 0.5 gram water per gram of dry weight, and (c) rehydrating the 
cells, thereby increasing survival of the cells. The contacting may be for 24 hours. The cells 
may be, for example, stem cells, immune system cells, or epitheUal ceUs. The disaccharide 
can be, for example, sucrose, maltose or trehalose, but is preferably trehalose. The cells may 
fiirther comprise a heat shock protein. The heat shock protein may be induced by exposing 
said cells to a heat shock. The heat shock may consist of raising the temperature of medium 
contacting the ceUs to 42 - 44 "C for one hour, and then allowing the temperature of the 
medium to drop to 36- 38 «C. Alternatively, the heat shock protein may be introduced into 
the ceUs by contacting the cells with a solution comprising the protem. Further, the heat 
shock protein may be expressed firom a nucleic acid sequence introduced into the cells. The 
heat shock protein may be p26 firom Artemiafranciscana. The cells may be contacted with a 
solution comprising an apoptosis inhibitor. The apoptosis inhibitor may be selected fi-om the 
group consisting of N-(2-Quinolyl)valyl-aspartyl-(2,6-difluarophenoxy)methyl ketone (in 
which the aspartyl residue is o-methylated or non-6-methylated), caspase I inhibitor H, 
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calpain inhibitor, and Bcl-xL. Further, the cells may be contacted by a solution comprising 
arbutin or hydroquinone, provided that said cells are not 293 cells or B cells. The cells may 
also be contacted by a solution comprising not more than 3% dimethyl sulfoxide. In some 
embodiments, the cells are contacted by a solution comprising both a heat shock protein and 
an apoptosis inhibitor. The solution may further comprise not more than 3% dimethyl 
sulfoxide. Cells contacted with a solution comprising arbutin or hydroquinone are preferably 
dried in a medium comprising arbutin or hydroquinone. The cells are preferably dried in 
rounded droplets of drying buffer. 

[0013] hi yet a further set of embodiments, the invention provides methods for increasing 
survival of mammalian nucleated cells following drying and rehydration, comprising: (a) 
contacting the cells with a solution comprising an apoptosis inhibitor, thereby loading the 
cells with the apoptosis inhibitor, to produce apoptosis inhibitor -loaded cells, (b) drying said 
apoptosis inhibitor-loaded cells, and (c) rehydrating the cells, thereby increasing survival of 
the cells. The apoptosis inhibitor may be, for example, N-(2-Quinolyl)valyl-aspartyl-(2,6- 
difluorophenoxy)methyl ketone (in which the aspartyl residue is o-metiiylated or non-o- 
methylated), Caspase I inhibitor U, Calpain inhibitor, and Bcl-xL. The cells may be, for 
example, stem cells, immune system cells, and epithelial cells The cells are preferably dried 
in droplets of drying buffiar. 

[0014] In yet a further set of embodiments, the invention provides methods for increasing 
survival of mammalian nucleated cells following drying and rehydration, comprising: (a) 
introducing a heat shock protein into, or inducing production of a heat shock protein in, said 
cells, to produce heat shock protein-loaded cells, (b) drying said heat shock protein-loaded 
cells, and (c) rehydrating tiie cells, therebly increasing survival of the cells. The heat shock 
protein may be p26 from Artemia franciscana. The heat shock protein may be introduced 
into the cells by incubating the cells in a medium comprising the heat shock protein. The 
heat shock protein may be induced in s£iid cells by raising the temperature of medium 
contacting the cells to 42 - 44 "C for one hour, and then allowing the temperature of the 
medium to lower to 36- 3 8 "C. The heat shock protein may be introduced into the cells by 
introducing into the cells a nucleic acid sequeaice comprising a promoter operably linked to a 
sequence encoding the heat shock protein. The cells can be, for example, stem cells, 
immune system cells, or epitiielial cells. The cells are preferably dried in droplets of drying 
buffer. 
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[0015] In yet a further set of embodiments, the invention provides methods for mcreasing 
survival of mammaUan nucleated cells foUowing drying and rehydration, provided said ceUs 
are not 293 cells or B cells, comprising: (a) incubating said cells with a compound selected 
ftom aibutin and hydroquinone. to produce arbutin- or hydroquinone- loaded cells, (b) drying 
the arbutin- or hydroquinone- loaded cells, and (c) rehydrating said cells, thereby increasing 
survival of the cells. In some embodiments, the compound of step (a) is arbutin. 
[00161 In yet a further set of embodiments, the invention provides isolated mammalian 
nucleated cells comprising a disaccharide and a compound selected from the group consisting 
of arbutin and hydroquinone. In some embodiments, the compound is arbutin. In some 
embodiments, the cell is dried. In some embodiments, the cell fiirther comprises an apoptosis 
inhibitor. In some embodiments, the cell further comprises a heat shock protein. The 
disaccharide can be, for example, sucrose, maltose or trehalose or a mixture of these, but is 
preferably trehalose. 

[00171 In yet a further set of embodiments, the invention provides isolated dried 
mammalian nucleated ceUs comprising a disaccharide and an exogenous heat shock protein. 
The disaccharide can be, for example, sucrose, maltose or trehalose or a mixture of these, but 
is preferably trehalose. 

[0018] In yet a further set of embodiments, the invention provides isolated dried 
mammaUan nucleated cells comprising a disaccharide and an exogenous apoptosis mhibitor. 
The disaccharide can be, for example, sucrose, maltose or trehalose, but is preferably 
trehalose. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] Figure 1 is a graph of viability (%) subsequent to drying vs. water content (gm. 
water/gm. dry weight) after drying for transfected 293 cells Cr-293 cells) and for control 293 
cells (293-cells). with both the transfected 293 cells and the control 293 ceUs having no 
trehalose intemally and with the drying buffer for both transfected 293 cells and control 293 
cells having no trehalose. 

[0020] Figure 2 is a graph of viability (%) subsequent to drying vs. water content (gm. 
water/gm. dry weight) after drying for transfected 293 ceUs (T-293 cells) and for control 293 
cells (293-cells). with the transfected 293 cells and the control 293 cells both having no 
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trehalose internally and with the drying buffer for both transfected 293 cells and control 293 
cells having 150 mM trehalose. 

[0021] Figure 3 is a graph of viabUity (%) subsequent to drying vs. water content (gm. 
water/gm. dry weight) after drying for transfected 293 cells (T-293 cells) and for control 293 
cells (293-cells), with both the transfected 293 cells and control 293 cells having trehalose 
internally and wifli the drying buffer for both the transfected 293 ceUs and control 293 cells 
having 1 50 mM trehalose. 

[00221 Figure 4 is a graph of the number of colonies formed after rehydration vs water 
content after drying the transfected 293 cells (T-293 cells) and the control 293 cells (293- 
cells) to 0.3 gm. water/gm. dry weight and to 0.2 gm. water/gm. dry weight, with both the 
transfected 293 cells and the control 293.ceUs having trehalose internally and with both 
having about 150 mM trehalose in the drying buffer. 

[00231 Figure 5 is a graph of survival (% viability) vs. water content (gm. water/gm. dry 
weight) for a first batch of p26-transfected 293 cells (T-293 cells) after air drying and 
rehydration, and for a second batch of p26-transfected 293 cells (T-293 cells) after vacuum 
drying and rehydration, with both batches of the transfected 293 cells having trehalose 
intemaUy and with the drying buffer for both batches containing 1 50 mM trehalose. Both 
batches were loaded with trehalose for 24 hours by incubation at 37 C with 100 mM 
trehalose. The cells were dried by either air-drying or by vacuum drying and the viability 
after rehydration was detennined by trypan blue exclusion. Air drying was conducted by at 
room temperature m a modified desiccator flushed with dry air at ^oximately 200 mL/min. 
Vacuum dried samples were placed in a vacuum chamber at room temperature and subjected 
to a vacuum of approximately 3 inches Hg. The vacuum dried samples show a significantly 
left-shifted curve compared to the air-dried samples, indicating much higher viability at lower 
water levels. 

[00241 Figure 6 is a graph of survival (% viability) vs. water content (gm. water/gm. dry 
weight) for a first batch of transfected 293 cells (T-293 cells) after air drying while in a thin 
fihn configuration and after rehydration, and for a second batch of transfected 293 cells (T- 
293 cells) after air drying while in a pluraHty of droplets configuration and after rehydration, 
) vsdth both batches of the transfected 293 cells having trehalose internally and with the drying 
buffer for both batches containing 150 mM trehalose. 
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[0025] Figure 7 is a graph of survival (% viability) vs. water content (gm. water/gm. dry 
weight) for a first batch of transfected 293 cells (T-293 cells) after vacuum drying while in a 
fliin film configuration and after rehydration, and for a second batch of transfected 293 cells 
(T-293 cells) after vacuum drying while in a plurality of droplets configuration and after 
rehydration, with both batches of the transfected 293 cells having trehalose internally and 
with the drying buffar for both batches containing 150 roM trehalose. 

[0026] Figure 8 is a graph of survival (% average viability) vs. water content (gm. 
water/gm. dry weight) for 293 cells (293 cells) when vacuum dried in 50 \iL droplets and 
after rehydration, and for transfected 293 cells (T-293 cells) when vacuimi dried in 50 |xL and 
after rehydration, with both the 293 cells and the transfected 293 cells having trehalose 
intemally and with the drying buffa: for both batches containing 150 mM trehalose. 
Although both types show improved viability with this combination compared to air-dried 
samples, the transfected cells showed higher survival than standard cells at water contents 
below 2g H20/g dry weight. 

[0027] Figures 9A and 9B are a flow chart showing preferred embodiinents for performing 
the methods of the invention using human cells. 



DETAILED DESCRIPTION 

I. Introduction 

[0028] As noted in the Background, human nucleated cells lack a transporter for trehalose, 
and a number of i^roaches have been tried to load such cells with amounts of trehalose that 
will protect the cells during drying and subsequent rehydration. Surprisingly, we have now 
discovered that cells can be loaded with protective amounts of trehalose by endocytosis, 
provided that they incubated in a medium containing trehalose for a sufficient time. We have 
ftirther found that addition of certain other agents to the medium (or, in the case of one group 
of agents, the induction of the agents or transfection of the cells with the agents) result in yet 
fiirther improvements in the parcentage of the cells that are viable after rehydration or in their 
ability to divide and, where appropriate, differentiate. If desired, one or more of the other 
agents can be combined in the cells to increase their survival following drying and 
rehydration. 
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(00291 The methods provided herein are generaUy applicable to nucleated mammaHan 
ceUs, such as canine, feline, bovine, and equine ceUs, more preferably primate cells, and even 
more preferably, human nucleated cells. The methods of the invention provide the ability to 
dry such cells to peraiit them to be transported and stored, and later rehydrated. The methods 
of the invention can be used to dry widely differing cell types, such as (a) stem cells, 
including mesenchymal stem ceUs ("MSCs"), embryonic stem ceUs ("ESCs") and cord blood 
stem cells ("CBSCs"), and cells that are partially differentiated from these ceUs, but which 
still retain the ability to fiirther differentiate into tenninally differentiated cells, (b) immune 
system cells, such as B cells, and (c) epithelial cells. Following drying by the methods of the 
invention, the cells can be rehydrated and restored to viabiUty. 

[0030] Because living cells must generally be maintained under physiologically acceptable 
conditions (for example, conditions of temperature, ambient gas content and relative 
humidity suitable for tissue culture), ceUs must generally be transported quickly. This 
requires the use of courier services and makes transport of cells over extended distances 
expensive and logistically complex. The altemative to date has been to freeze the cells in 
Uquid nitrogen. Cells frozen in liquid nitrogen must be shipped in containers which can 
safely hold liquid nitrogen or dry ice, which are bulky and which creates logistical 
difficulties. The ability to dry mammaUan nucleated cells for even a few days, to be able to 
ship them under simple refrigeration, and to restore them to viabiUty therefore reduces the 
cost and difficulty of distributing the cells. 



n. Methods of the Invention 
A. Disaccharide loading 

[00311 Trehalose is known to stabilize cell membranes and proteins during dehydration. 
The ceUs of humans and other mammals, however, do not have a transporter for trehalose. 
Accordingly, efforts to load trehalose into mammaUan ceUs have typicaUy employed methods 
to overcome this problem, such as by creating pores in the cells to allow entry of trehalose or 
transfecting cells in an attempt to have them produce their own trehalose. Such methods have 
typically involved brief exposure of the cells to the trehalose-containing medium, typically 
for ten to fifteen minutes and usually for less than an hour. 
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[00321 In one embodiment, the present invention relates to the surprising discovery that 
manmiaUan cells incubated in a trehalose-containing medium will take up trehalose by 
endocytosis. While simple, this discovery has allowed us to load cells with trehalose without 
the more compHcated procedures, such as creating pores in the cells, that the art has taught 
are necessary to get sufficient levels of intracellular trehalose (e.g.. from 15-50 mM 
trehalose) to be useftd in drying the cells. 

[00331 The methods are therefore suitable for any nucleated mammalian ceU that has 
sufficient endocytotic processes to take in enough trehalose from an extracellular medium 
during a 24 hour period to increase cell viabiUty compared to not having trehalose present. 
Whether any particular nucleated mammalian cell has sufficient endocytotic processes to take 
in adequate amounts of trehalose from an extracellular medium can be determined by routine 
assays, such as the lucifer yellow assay described herein. Use of the temi "biological 
samples" below refers to nucleated mammalian cells. Similarly, the word "ceUs" as used 
herein, unless otherwise indicated, refers to nucleated mammalian cells. 
[00341 Fiist, the cells of interest are incubated in a standard growth medium containing 
trehalose to load the cells with trehalose (this medium will hereafter be referred to as the 
"incubation medium" or the "loading buffer"). Optionally, prior to the incubation, the cells 
may be cultured in a standard growth medium to increase the ceU population. We have found 
that incubation should be at least 10 hours, to give the cells enough time to take up enough 
trehalose to be protective, but not much over 48 hours, as the amount of trehalose taken into 
the cell plateaus, and cell viability begins to drop after 48 hours of incubation, as can be 
determinedbyusingastandardtrypanblueviability assay. Therefore, the mcubation is 
preferably from 10 to 48 hours, more preferably from 15 to 40 hours, and yet more preferably 
from about 20 hours to about 30 hours. An incubation of about 24 hours is preferred. 
[00351 If desired, the incubation period for loading can be shortened by "stressing" the cells 
by, for example, omitting glucose or fetal bovine serum from the incubation medium. This 
increases the rate of endocytosis, and accordingly shortens the time needed for flie trehalose 
or other disaccharide to be taken up. In these embodiments, the cells are stressed and the 
incubation is for 2, 3. 4. 5, 6, 7, 8, 9, 10. 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 hours. 
) Incubations of 3 to 20 hours are generally preferred, with incubations of about 4 to 15 hours 
being more preferred and 10 to 12 hours being more preferred. 
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(00361 The incubation is typicaUy performed at 30 to 39 °C., but is preferably at the 
temperature considered normal for the mammal from which the cells being incubated 
origmated. ForhumanceUs. a temperature of 37°C. is preferred. Preferably, the cells are 
incubated under tissue culture conditions. Tissue culture conditions for maintaining cells of 
various types have been studied with some care and are known in the art. For human cells, 
we prefer to incubate the cells in 5% CO2 at 90% relative humidity. Detailed information 
about tissue culture conditions for ammal cells, as well as media suitable for such cultures, 
can be found in a number of sources, such as R. Freshney, Culture of Animal CeUs. Wiley- 
Liss, New York (3rd Ed. 1994). 

[0037] Trehalose has traditionally been the most preferred disaccharide for protecting cells, 
in part because of its high glass transition temperature, and in part because its glycosidic bond 
is resistant to degradation in tiie endosome. The methods of the invention, however, do not 
require the disaccharide to have a high glass transition temperature, and we have found that 
sucrose, for example, can survive the endosome. Accordingly, while tirehalose is.particularly 
preferred, it is believed that other disaccharides, such as sucrose and maltose, can be used in 
place of trdialose in the methods of the invention. 

[0038] The disaccharide should be present in the growth medium at between 50 to 200 
mM. We have found that about 80 to 150 mM is satisfactory in loading trehalose into ceUs of 
various tissues (e.g., MSCs and epithelial cells), with 90 to 120 mM being better and about 
100 mM being preferred. Cells that circulate in the blood, such as B cells, load better at 
somewhat lower concentrations of tirehalose, with 50 to 100 mM being satisfactory, 60 to 85 
mM being better, and about 75 mM bemg preferred (in the context of loading tirehalose or 
other disaccharides, "about" means 5 mM plus or minus). 



B. Use of DMSO to improve cellular distribution of trehalose 

[00391 We have found that MSCs and epithelial ceUs load trehalose evenly. Different ceU 
types however, may vary m then- ability to distiibute tirehalose evenly, due perhaps to such 
factors as having a higher level of membrane-bound protems. The abiUty of a ceU type to 
distribute tiehalose can be estimated by such techniques as by tiie lucifer yellow assay 
discussed in the Examples. Lucifer yellow (more usually "Lucifer yellow CH," or "LYCH," 
m recognition of a carbohydrazide moiety that allow the molecule to be fixable with an 
aldehyde fixation agent) is a commercially available (from, e.g., Biotium, Inc. Hayward. CA) 
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fluorescent dye which is of similar molecular weight and polarity to trehalose. Accordingly, 
it is assumed that LYCH provides an approximation of how trehalose distributes within a cell 
type. The LYCH can be assayed by fluorescence spectroscopy to determine overall uptake. 
Fluorescence microscopy can also be used to detCTinine distribution. That is, if the LYCH is 
still contained within the endocytotic vesicles, the staining appears punctate, but if the dye is 
distributed evenly, the staining appears difiuse and homogeneous. If distribution into specific 
subcellular compartments (e.g. mitochondria) is of concem, that can be determined by cell 
fractionation. 

[0040] We have found that DMSO is not necessary for drying and rehydration of cells, but 
it does improve intracellular distribution of trehalose. It is believed that the trehalose 
stabilizes proteins and membranes during the drying process. Therefore, it is believed that 
any portions of the cell in which trehalose is absent would be more likely to sustain damage 
during drying and rehydration, possibly comprising viability of the cell. If the cells are not 
distributing trehalose evenly, therefore dimethyl sulfoxide ("DMSO") may be added. The 
DMSO may be added as little as 20 nndnutes before the end of the contemplated trehalose 
loading time (that is, the time the cells are incubating in a trehalose-containing solution to 
load them with trehalose), more preferably 30, 40, 50 or 60 minutes before the end of the 
trehalose loading time. The DMSO may be added 2, 3, 4, 5, or 6 hours before the end of the 
trehalose-loading time. The DMSO may be added in amounts so that the DMSO constitutes 
between 0.1 % and about 2% DMSO by volume. 

[0041] The lower limit of DMSO that is suitable can be determined by introducing an 
amoimt (for example, 0.5% of DMSO) into the media, incubating for 2 hours, performing the 
lucifer yellow assay, and visually observing if the dye is evenly distributed. If the dye is not 
evenly distributed, then the test is run on a parallel group of cells with a higher percentage of 
DMSO to see if that provides adequate distribution. 

[0042] Amounts higher than 3% are not desirable since DMSO itself becomes toxic to cells 
at higher concentrations. Thus, providing the DMSO at percentages of about 2% or below is 
preferred. Whether any particular amount between 2% and 3% is too toxic for the cells can 
be readily determined by introducing the amount into the media, incubating cells in the media 
for 2 hours, and determining the percentage of viable cells by standard cell viability assays, 
such as by taking a sample of the cells, diluting the sample witii trypan blue and counting the 
viable (unstained cells) and non-viable (stained cells) on a hemocjrtometer under a 



11 



wo 2005/040398 



PCTAJS2004/034605 



microscope. The nvimber of viable cells counted, divided by the total number of ceUs, times 
100, provides the percentage of viable cells. Percentages of DMSO which result in viability 
of less than 50% of the cells should be avoided. More preferably, percentages of DMSO are 
used that result in viability of 60%, 70%, 80% of the cells or higher. 

[0043] It is noted that, following the trehalose loading iacubation, the cells are placed in a 
drying buffo:, which does not contain DMSO. Thus, the haSer in which the cells are dried; 
and in which they are subsequently rehydrated does not contain DMSO. Further, it is 
believed fliat the amount of DMSO taken into flie cells givea the modest amounts added to 
the incubation buffer is small. Thus, the methods of the invention avoid the toxicity 
problems which have been associated with DMSO's use as a cryoprotective agent. 

C. Useof arbutin 

[0044] Surprisingly, we have found that the ability of some cell types to survive being dried 
and then rehydrated is significantly enhanced by including the compound arbutin in the 
incubation medium. Arbutin (CAS Number 497-76-7, Beilstein Registry Nmnber 89673), is 
also known as hydroquinone-beta-D-glucopyranoside, 4-hydroxyphenyl-beta-D-pyranoside, 
p-arbutin, and arbutine. It has the molecular formula C12H16O7, and a molecular weigjit of 
272.25. Arbutin was originally extracted from the leaves of plants such as Arctostaphylos 
uva-ursi ('TDearberry"), and the "resurrection plant" Myrothamnus flabellifolia; natural and 
synthetic arbutin are now commercially available fi:om a number of sources, including 
Sigma-Aldrich (St. Louis, MO); Kraeber GmbH & Co. (Ellerbek Germany); Thinker 
Chemical Co., Ltd., (Hangzhou, China), Peakchem division. City Pride Co., Ltd. (Hangzhou, 
China), and Shanghai UCHEM Co., Ltd. (Shanghai, China). Arbutin is used commercially in 
topical cosmetic agaits for whitening skin. 

[0045] As reported in the Examples, below, arbutin was found to enhance the metabolism 
of MSCs after drying and rehydration, and to enhance the ability of MSCs to divide and 
differentiate after drying and rehydration. Interestingly, arbutin also induced the expression 
of heat shock protein 70 (HSP 70) in MSCs. The biological effects of arbutin went beyond 
those expected firom the induction of the HSP alone. Therefore, while the induction of 
HSP70 may be responsible for some of the effects observed, it is believed that the beneficial 
. effect of the arbutin on cell metabolism and division is due to factors other than or in addition 
to the induction of the HSP alone. 
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[0046] As noted, arbutin is particularly useful in connection with stem cells, such as MSG, 
that are dried and then rehydrated. It can be added to the incubation medium preferably 
during the entire incubation with trehalose, but can be added part way through the incubation 
if desired. It is desirable that it be present for at least 1 5 mmutes, more preferably, 30 
minutes, still more preferably, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more hours, with longer tunes 
being more preferred to permit the cells to take in the aibutin. It can be present at 5 to 150 
mM, with 10 to 100 mM being more preferred, 20 to 80 mM being still more preferred and 
30 to 60 mM more preferable. We have found 40 mM to be satisfactory for loading stem 
cells, and use that as our preferred amount. 

[0047] When arbutin is present in the incubation medium, the amount of trehalose in the 
medium can be reduced. In the absence of arbutin, 100 mM of trehalose is the preferred 
concentration in the incubation medium for loading stem cells. With arbutin present in the 
medium, the concentration of trehalose can be reduced to 70 mM for stem cells. 
[0048] Based on our studies, however, we believe the use of arbutin will improve the 
viability of many cell types. It is, however, toxic to 393 and B cells and therefore if used in 
loading arbutin-sensitive epithelial cells or B cells, it should not be present at more than about 
10 mM. Whether arbutin is toxic or beneficial to preserving cells of any particular cell type 
can be readily determined by standard assays, such as the trypan blue viability assay 
described above or the propidium iodide (PI) exclusion assay described in the Examples. 
[00491 As may be apparent firom the chemical names for arbutin, it is a glycosylated 
hydroquinone. Thus, while arbutin in particularly preferred in the methods and compositions 
of the invention, it is believed that hydroquinone can be substituted for arbutin in the methods 
and compositions described herein. 



D. Heat shock proteins 

[0050] We have further surprisingly found that the presence of heat shock proteins 
("HSPs", also known as "stress proteins") in the cells prior to drying them enhances the 
viability of the cells upon rehydration. The proteins can be endogenously produced in the 
cells in response to heat shock, can be exogenously provided, or can be expressed as a result 
of transfecting the cells with a nucleic acid sequence encoding an HSP of choice. 
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[0051] As used herein, a "stress protein," also known as a,"heat shock protein" or "HSP," is 
a protein that is encoded by a stress gen^. and is therefore typically produced in significantly 
greater amounts upon the contact or exposure of the stressor to the organism. A "stress 
gene," also known as "heat shock gene" is usedherein as a gene that is activated or otherwise 
detectably upregulated due to the contact or exposure of an organism (containing the gene) to 
a stressor, such as heat shock, hypoxia, glucose deprivation, heavy metal salts, inhibitors of 
energy metaboUsm and electron transport, and protein denaturants. or to certain 
benzoquinone ansknycins. Nover, L., Heat Shock Response, CRC Press, Inc., Boca Raton, 
Fla. (1991). "Stress gene" also includes homologous genes within known stress gene families, 
such as certain genes within the HSP70 and HSP90 stress gene families, even though such 
homologous genes are not themselves induced by a stressor. Each of the terms stress gene 
and stress protein as used in the present specification may be inclusive ofthe other, unless*^ 

context mdicates otherwise. 

[00521 In preferred embodiments, the cells are briefly heated to a temperature that induces 
expression of heat shock proteins (that is, the cells are "heat shocked"). Heat shocking has 
been conducted on cells of many species to study the effect of HSPs and patterns of HSP 
expression. Accordingly, the temperatures at which to shock cells of many mammaUan 
species can be found in the Uterature or readily determined following art-recognized 
techniques. For human cells, raising the cells(or the medium in which the cells are bathing) 

to a temperature of about 42 - 44«>C is preferred. At temperatures over 44°C. liie viability of 
the cells begins to drop. Hie ceUs can be exposed to a quick pulse of heat, or the temperature 
of the medium can be gradually stepped up. A quick pulse consists of heating the medium 
containing the cells to the desired temperature for 20 minutes to 2 hours, with 1 hour being 
preferred.. For non-human cells from animals with nomial body temperatures higher than 
that of humans, correspondingly higher temperatures are useful to heat shock the ceUs. It can 
readily be determined whether any particular temperature is too hot by performing a trypan 
blue assay as described above. Deaih of more than 20% of the cells indicates that too high a 
temperature has been used. 

[0053] Following the heat shock, the temperature of the cells (or. more precisely, of the 
medium comprising the cells) is allowed to drop, usually back to the same temperature as that 
at which the cells were being incubated or grown prior to the shock, and pennitted 10-48 
hours, more preferably 20-28 hours, most preferably 24 hours, to express heat shock proteins 
induced by the heat shock. If desired, trehalose can be introduced into the medium before the 
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heat Shock, during the heat Shock, or foUowing the heat Shock dimng th^ 

expressing the heat shock proteins, to permit the ceUs to become loaded with trehalose at 

same time theheat shock proteins are being expressed, to reduce the overall time of the 
procedure, or trehalose can be introduced into the medium after the heat shock protein- 
induction period to load the cells with trehalose at that point. 

100541 The induction of HSPs can be confirmed by incubating the cells for 10 - 48 hours to 
give them time to express the induced HSPs, lysing the cells, nmning the cell contents on a 
gel to separate the proteins, transferring the protems fiom the gel to ablot (e.g,, nitrocellulose 
or PVDF membrane) and probing the membrane with antibodies to HSP proteins. All of 
these procedures for determining the presence of proteins are well known in the art. 
Antibodies to numerous HSP proteins are commercially available. For example. Upstate 
Biotechnology, Lake Placid, NY. sells antibodies to HSP 27 and 90, while antibodies to HSP 
25 27 56, 70, 73. 84, 86, and 104 are available from Abeam Ltd, (Cambridge, UK). (Heat 
shlck'proLl are commonlyreferred to by their molecular weight expressed in M^^^^ 
or "kDa"). In studies underlying the present invention, heat shocking of murine B cells 
resulted in the induction of HSP70. 

[0055] As an alternative to mducing HSP expression in the cells, they can be incubated in a 
medium containing one or more HSPs of choice. It is anticipated that the ceUs will 
endocytose some amount of the HSPs during the incubation. If it appears that the HSP is not 
being endocytosed into the cells or that the HSP is entering the ceUs more slowly than desired 
by the practitioner, the amount of uptake can be increased by use of a protein delivery 
reagent, such as the BioPORTER® Quikease™ system described infra. 
[00561 The cells can also be transfected with a vector encodmg a heat shock protein. 
Numerous HSPs have been studied since at least the 1 980's and their amino acid and nucleic 
acid sequences are known. See, e.g., Hunt,C. and Marimoto.R. Proc.Natl.Acad.Sci.USA 
82-6455-6459 (1985); Drabent,B.etal., Nucleic Acids Res. 14(22): 8933-8948 (1986); 
Uoshima,K.. et al., Biochem. Biophys. Res. Commun. 197(3):1388-1395 (1993) (rat HSP27); 
Carper et al.. Nucleic Acids Res. 18 (21):6457 (1990) (human HSP27) GenBank accession 
number NM 212504 (rat HSP70). The studies set forth in the Examples show the results of 
transfecting mammaUan cells with a nucleic acid encoding a brine shrimp HSP, p26, as an 
exemplar HSP. Based on the results seen with usmgp26. we believe that any of theheat 
shock proteins of roughly 104 kDa or smaller will work to increase viabihty of cells 
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agoing drying and rehydration. AS noted. p26isabrineshrixnp protein. a«d 
h«nanceUsdnringdryingandrel.ydration,asshowninflreExan^les.Acoo.du.gly.theHSP 

protein does nothave tobe ahuman HSP. or even amammaUanHSP. 

,00571 Persons of skiU wiU be aware that some HSPs are constitotively expressed, while 
others are induced when the cells are exposed to stress conditions orhave their expression 
markedly increased under stress conditions. For purposes of theme.hodsof.he invention. 
HSPS that areinducedunder stress conditions orwhichhave their expression mc^ased when 
fl,eceUsareplacedundersttessarepreferrcd,andHSPs1hatareinducedwhencellsare 
placed under stress conditions areparttcularlypreferred. AS shown in the Examples, the HSP 
Iferred to as p26p.otects human cells and ispref^red for uses in wUd. transfected cells are 

suitable. 

100581 Itwillbeappreciatedaatnumerousvectorsandpromotersarelmownintheart. 

-nre choice of the particular vector or promoter is not critical to the invention. Smce rt « 
desirable that the HSPchosenbe expressed intiie cells tobe dried, thepromoter of course 
: ^ouldbeonethatwiU-drive-expressionofareproteinundenheconationsofthecultare. 
nms it ispefetred if the coding sequencefbr the proteinbeplaced under the control ofa 
promoter ftatwUl either be constitirtively active or flmt will be acttveunder the culture. Ina 

preferred embodiment, the promoter is the human cytomegalovirus hmnediate-early 
p^moter/enhancer. The CMV promoter/enhancer permits ef6den.,Ugh4evelexpress.o^^ 
therecombinant proteinin.ransfec.ed cells. Expression of recombinant HSPS arelmo™^ 

theart See. e.g.. U et al., InfeC hmnun. 69 (5): 287^2887 (2001). Vectors and mefl>ods 
for transfeeting cells with HSPs, by themsdvesormconjunction with ottierprotems, are 

taught, for example, in U.S. Patent No. 6,495.347. 

[00591 Alflioagh Wected cells can be used in clinical applications, induction of 
endogenous HSPs is preferred, since it is more difficult to get regulatory approval to 
ir^duce intopatients cells that have beenrecombinantly engineered. Thus, for example, 

HSPS for cells contemplated for ther^eutic appUcations. such as MSC. are preferably 
iruluced by heat shock or are loaded into Ore cells ftom the medium. For h. vita> use, the 
HSPs can be endogenous or can be introduced by tiansfection. 

(00601 In.hesmdiesreportedinfl>eBxamples,human293 epitheUal ceUs were transfected 
wifli p26. p26 was seen to provide a protective effect on ceU survival and recovery upon 
rehydration aiterdrying. Furfl»r, p26 acted to inhibit apoptosis of tire ceUs during drymg. 
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HSPs have also been foxind to improve viability following drying and rehydration of HeLa 
cells, and to decrease the presence of damaging reactive oxygen species (ROS) in HeLa cells 
during drying. HeLa cells are a cell line originally derived from a cervical cancer; cervical 
cancers are considered to be of epitheUal origin. As noted above, aibutin is toxic to epithelial 
cells, and its use with epithelial cells is not preferred. Therefore, HSPs are particularly useful 
in connection with epithelial cells. 



E. Apoptosis inhibitors 

[0061] We have further surprisingly found that introducing one or more apoptosis 
inhibitors into the incubation medium significantly enhances the viability of cells undergoing 
drying and then rehydration. Typically, the inhibitors interfere with caspases that are known 
to be involved in the apoptotic pathway. Four apoptosis inhibitors have been tested, and 
three were found to enhance survival of cells \mdergoing drying and rehydration: 

(a) N-(2-Quinolyl)valyl-aspartyl-(2,6-difluorophenoxy)methyl ketone, 
(C26H25N3O6F2). This compound is commercially available from MP Biomedicals (Irvine, 
CA) (MP Biomedicals, Calbiochem (San Diego, CA), Kamiya Biomedical Co. (Seattle, WA), 
and Imgenex (San Diego, CA) is a cell permeable, irreversible pan-caspase inhibitor; 
especially active against caspases 1, 3, 8, and 9. The compound is commercially sold as as 
••Q-VD-oPh" or, in MP Biomedicals parlance, "OPH-109", which name is used in the 
Examples. The term Q-VD-OPH (or "Q-VD-oPh") denotes that the compound has a 
quinoline derivative (Q), a dipeptide, valine (V, in standard single letter code) and aspartic 
add (D, in standard single letter code), and a non toxic 2,6-difluorophenoxy methylketone 
(OPH) group. See, Caserta et al., Apoptosis 8(4): 345-352 (2003); Rebbaa, A. et al. 
Oncogene 22:2805 (2003); Mehiikov. et al., J Clin Invest. 1 10:1083-1091 (2002); Patil and 
Sharma, NeuroReport 15:981-984 (2004). The mechanism of action involves the formation 
of an irreversible thioether bond between the aspartic acid derivative in the inhibitor and the 
active site cysteine of the caspase with the displacement or the 2,6-difluorophenoxy leaving 
group. According to MP Biomedicals Uterature, Q-VD-OPH is effective in vitro at 
concenti^tions of lOuM to 20uM. For tissue culture studies lOmM or 20mM stock solutions 
are prepared in DMSO and diluted 1 : 1 000 directiy into the tissue culture medium. For in 
vivo use, Q-VD-OPH has been administered m 80% to 100% DMSO to assure solubility at 
the doses given. A dose of 20mg/kg has been used most frequentiy, but doses of 120 mg/kg 
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have been used in vivo studies. To reduce hydrophobicity, several of the suppHers mentioned 
above, such as Calbiochem, sell a version of Q-VD-oPh in which the aspartyl residue is not 
o-methylated. 

(b) Caspase I inhibitor H (IL-lp Converting Enzyme (ICE) Inhibitor H, available 
from EMD Biosciences, Inc., San Diego, CA) a cell-permeable and irreversible inhibitor of 
caspase-1 (Ki = 760 pM) and caspase-4, that inhibits Fas-mediated apoptosis and acidic 
sphingomyelinase activation; 

(c) Calpain inhibitor (OXIS hitemational, Inc., Portland, OR, see, e.g., Shinohara, 
K. et al., Biochem. J. 317:385 (1996)), a cell-permeable inhibitor of calpain I (Ki = 190 nM), 
calpain E (Ki = 220 nM), cathepsin B (Ki = 150 nM), and cathepsin L (Ki = 500 pM); and 

(d) Bcl-xL (Biosource International, Camarillo, CA), a cell-permeable peptide that 
prevents apoptotic cell death by directly binding to the voltage-dependent anion channel 
(VDAC) and blocking its activity. Leads to the inhibition of cytochrome c release and loss of 
mitochondrial membrane potential (DYm). 

[00621 Of these four, the inhibitor Q-VD-OPH was found to be the most effective at 
retaining cell viability, particularly of murine B cells, during dryLag and rehydration. Calpain 
inhibitor was tested only in conjunction with OPH-109 and it did not mcrease survival over 
the use of OPH-109 alone; its effect by itself was not tested. 

[0063] Based on the results with these apoptosis mhibitors, it is expected that most if not all 
inhibitors of apoptosis will be beneficial in enhancing cell survival of drying and rehydration. 
"Whether or not any particular apoptosis inhibitor is effective at increasing cell viability can 
be readily determined following the teachings of this disclosure, including the assays taught 
herein. 

[00641 Preferred inhibitors are those that are cell-permeable, so that they can enter the cell 
from the incubating medium, although cells can also be loaded with the inhibitor by using a 
commercially available protein delivery reagent, such as BioPorter®. Numerous mhibitors of 
apoptosis are known and are commercially available. Calbiochem alone (a brand name of 
EMD Biosciences, Inc., San Diego, CA) sells some twenty inhibitors of various caspases. 
[0065] It is known that some inhibitors are constitutively expressed and some are induced 
under stress conditions or are much more strongly expressed under stress conditions. 
Inhibitors that are induced under stress conditions or are much more strongly expressed under 
stress conditions are preferred in the methods of the inventioiL 
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100661 The inhibitor is preferably present in the incubation medium at a concentration ftom 
5 to 150 MM. More preferably, it is present from 10 to about 100 mM. more 
preferably from 1 5 jiM to about 80 nM and still more preferably from about 20 ^M to about 
60 nM. Wehavehad good results using ^optosis inhibitors at a concentration of 30 ^M, 
which is accordingly the most preferred. 

100671 Interestingly, in the studies underlying the invention, trehalose was seen to block 
apoptosis in murineBcells during drying and rehydration. It does not, however, inMbi^ 
apoptosis due to heat shock or generaUy, and therefore its anti-apoptotic effect appears 
specific to dehydration. Trehalose is, of course, a disaccharide andby definition is not aheat 
shock protein. 



F. Drying Buffer 

[0068] Following incubation with trehalose to load the cells, the cells are harvested and 
placedinadryingbuffer. If necessary to harvest the cells, they may be tiTPsinized to release 
them fromasurface on which they have been incubated. The cells are then gentiy spun to 
pelletthem. The supernatant is removed and replaced with a drying buffer. Thedrying 
buffer comprises trehalose or other disaccharide used to load the ceUs, which is preferably 

present in a concentration higher than that used in the incubation medium. The trehalose or 
other disaccharide is preferablypresent at fromlOO to 200 mM.witi.120 to 180 mMbeing 

preferred, and 140 to 170 mM being more preferred. We have found 150 mM to be 
satisfactory, and tiiis concentration is our most preferred. 

[00691 If arbutin or hydroquinone has been used in tiie incubation medium, tiian it is 
preferred that it also be present in ttxe drying buffer. The arbutin or hydroquinone is 
preferably present at from 20 to 150 mM. witii40 to 120 mM being preferred, and 50 to 100 
mM being more preferred. We find 70 mM of arbutin to be satisfactory, and tiiis 
concentration is the most preferred. 

[00701 The drying buffer preferably comprises a bulking agent to help separate the cells. 
Albumin isapreferred bulking agent. Human cells do not appear to be particularly sensitive 

to tiie type of albumin present; for human cells, human serum albumin or bovine serum 
. albumin are botii acceptable. We have found tiiat ceUs of some species do not tolerate 
albumin of some otiier species. Accordingly, if tiie cells to be dried are from a non-human 
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mammal, it is desirable to place a sample of the cells in culture medium to which the albumin 
to be used has been added and observe the cells to see whether they lyse. If they lyse, 
albumin fiom another source organism should be tested until one is found which does not 
cause lysis. Albumin from the same organism as that fiom which the cells originated will be 
compatible. Other polymers suitable for use as buUdng agents are, for example, water- 
soluble polymers such as HES (hydroxy ethyl starch), polyvinyl alcohol, and dextran. 



G. Drying the cells 

[0071] Nucleated mammaHan cells noraially cannot withstand being dried to bone dryness, 
contrary to claims made by some researchers. We find that the cells are preferably dried to 
0.2 to 0.5 grams of residual water per gram of dry weight. 

[0072] We have found that the cells can be dried in any of three ways. First, and most 
preferably, the cells can be dried by vacuum drying. In this embodiment, the ceUs are 
preferably dried in 50 nL aliquots. Rounded droplets are preferred to spreading the cells onto 
a surface. The Examples report significantly better viability of cells that are dried in rounded 
droplets of drying buffer rather than thin fihns. The cells are preferably dried at room 
temperature, with 20 to 25 °C being the preferred temperature range. The cells are dried 
imder a vacuum of approximately 3 inches of mercury. 

[00731 Second, the cells can be air dried. In this embodiment, the cells are preferably dried 
in 50 \iL aliquots. Once again, rounded droplets of cells in drying buffer are preferred to 
spreading the cells onto a surface as a thin fihn. They can be dried at room temperature. In 
this embodiment, the cells are dried under a difiuse stream of dry air until they reach the 
desired range of dryness. 

(00741 Third, the cells can be dried by freeze drying. In this embodiment, the cells are 
preferably dried in 50 yiL aliquots, which is typically performed in a 10 drop array. Freeze 
drying can result in reducing the water content to levels below 0.2 grams per gram dry 
weight. To avoid this, the system is preferably calibrated by freeze drying parallel samples of 
the cells of choice in the drying buffer contemplated for use for different period of time in the 
lyophilizer to be used to determine the time points at which the cells will be dried to the 
desired residual water content. 
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H. Storing and rehydrating the cells 

[0075] Once dried, the ceUs are preferably stored at 4 Preferably, the cells are stored 
under vacuum in an air-tight container to prevent exposing them to changes in ambient 
humidity. 

[0076] When rehydrating the cells is desired, the cells can be placed directiy into a growth 
medium standard for the cell type in question or the groAvtti medium can be added directly to 
the container in which the ceUs are stored. Optionally, the cells are prehydrated prior to 
placing them in medium by exposing them to humid air. We have found, however, that a 
prehydration step is not necessary when rehydrating nucleated cells dried according to the 
methods herein because of the residual water content of the cells. Since prehydration adds a 
step without corresponding benefit, it is usually omitted. 

[00771 The medium can be at room temperature or preferably from 25 to 39 °C. (the 
temperature of the medium may be that normal for the species from which the cells originate 
if it is higher than 39 Preferablyy the conditions of gases, temperature, and humidity 
under which the cells are rehydrated are those under which the cells were loaded with 
trehalose. 



m. Uses 

[0078] Cells dried by the methods of the invention can be convenientiy transported, 
preferably under refrigeration. Preferably, the transport is under vacuum in an air-tight 
container. Preferably, the container is also water-impermeable to reduce premature, 
inadvertent rehydration of the cells m the event of encountering high humidity conditions or 
accidental exposure to Uquids during fransport. The invention therefore provides a means for 
convenient shipping of dried cells, while reducing or eUminating the need for costly couriW 
services and the special handUng required for the liquid nitrogen-frozen cells of conventional 
techniques for preserving nucleated mammalian cells. 

[00791 Cells dried and then rehydrated by the methods of the invention can be used for a 
number of applications. It is envisaged that epitheUal cells and other cells can be used in 
place of conventional ceUs in biosensors to detect toxic substances in assays. It is further 
contemplated that stem ceUs, such as ESCs, CBSCs. or MSCs, dried according to the 
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invention can be shipped to a location in need of such cells, rehydrated, and introduced into 
patients who can benefit fi-om the presence of such cells. 



IV. Definitions 

[00801 Units, prefixes, and symbols are denoted in their Systtoie International de Unites 
(SI) accepted form. Numeric ranges are inclusive of the numbers defining the range. Unless 
otherwise indicated, nucleic acids are written left to right in 5' to 3' orientation; amino acid 
sequences are written left to right in amino to caiboxy orientation. The headings provided 
herein are not limitations of the various aspects or embodiments of the invention, which can 
be had by reference to the specification as a whole. Accordingly, the terms defined 
immediately below are more fiiUy defined by reference to the specification in its entirety. 
Terms not defined herein have their ordinary meaning as understood by a person of skill in 
the art. 

[0081] "Mammalian" means firom a mammal. Canine, feline, equine, bovine and primate 
mammals are preferred with humans being particularly preferred. 

[0082] "Nucleated" refers to a cell that have a nucleus. It does not refer to cells such as red 
blood cells, that had a nucleus, but lost the nucleus in the course of differentiation, but does 
refer to red blood cell precursors still in possession of a nucleus, or to blood platelets. 
[0083] "293 cells" are a cell line of human embryonic kidney ("HEK") cells. 
[0084] "Cells of the immune system" refers to B cells, T cells, and dendritic cells. 

[0085] " Arbutin" (CAS Number 497-76-7, Beilstein Regisfay Number 89673), is a 
compound also known as hydroquinone-beta-D-glucopyranoside, 4-hydroxyphenyl-beta-D- 
pyranoside, p-arbutin, and arbutine. It has tiie molecular formula Ci2Hi607, and a molecular 
weight of 272.25. 

[0086] "Exogenous," when referring to the presence of heat shock proteins or apoptosis 
inhibitors in a ceU of a given type, means a heat shock protein or apoptosis inhibitor not 
expressed by a normal cell of that type. For example, the heat shock protein p26 firom 
Artemia franciscana is not expressed by human cells unless they have been altered by being 
transfected with a nucleic acid sequence encoding p26. The term is intended to distinguish 
heat shock proteins or apoptosis inhibitors introduced ftom outside the cell, or with which th( 
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ceU is transfected, from heat shock protein or apoptosis inhibitors the ceU might naturaUy 
express in response to environmental change or in response to signaling from other cells. 

[0087] "Contacting" means bringing into physical contact. 



V. Heat Shock Proteins 

[0088] Heat shock proteins (HSP) are considered to be stress proteins. HSPs assist the 
folding of proteins, reduce stress-associated protein denaturation and aggregation, aid in 
renaturation, and influence the final intracellular location of mature proteins. Stress proteins 
are divided into groups or famihes, including HsplOO, Hsp90, Hsp70, Hsp60 (the 
chaperonins). and the smaU heat shock/ o (alpha) crystallin proteins, sometimes referred to as 
a-Hsps. Small heat shock proteins including a (alpha) crystallin proteins are low molecular 
weight heat shock proteins, ranging in size from about 10- to 40-kDa monomer molecular 
mass, but oli-gomerize into particles of varying monomer numbers. The fanctions of 
chaperones differ, but their activities are mterrelated and often dependent on association into 
maciomolecular complexes, sometimes consisting of representatives from more than one 
group or family. 

[00891 P26 belongs to the a crystallin or a-Hsps group or family. As with many other 
Hsps, a-Hsps or a crystallin protems protect cells during stress by preventing aggregation of 
unfolded proteins and in some cases assisting in their renaturation. As indicated, p26 is a 
small heat shock/ o crystallin protein, and has a diameter of about 15 nm, or about 520 kDa. 
It has 28 subunits, each being about 20.7 kDa. When biological samples are nucleated cells, 
stress causes p26 to move into the nucleus of the nucleated cell. 
[0090] P26 is found in the encysted embryos of the primitive crustacean Artemia 
franciscana (the North American brine shrimp). Encysted embryos of A. franciscana contain 
very large amount of the a-Hsp or p26, making up from about 12 % to about 15 % by weight 
of the total nonyolk protein. The remarkable stress resistance of Artemia cysts including p26 
protects shrimp embryo cells during encystment, diapause, and anaerobic quiescence, and 
prevents the aggregation of other proteins when shrimp embryos experience stresses of 
various kinds; thus playing an important role in their growth and development. 
[0091] For a comprehensive discussion of p26, including procedures on purifying p26 to 
homogeneity and measuring the concentration of p26, see Influence of trehalose on the 
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molecular chaperone activity ofp26, a small heat shock! a-crystallin protein by Viner and 
Clegg., CeU Stress Society International, Cell Stress & Chaperones (6(2), pp. 126-135 
(2001)). For another comprehensive discussion of p26, including the cloning and sequencing 
a cDNA for p26, the Ustmg of the complete sequence of p26-3-6-3 and the deduced amino 
acid sequence of p26, and the comparison of the deduced amino acid sequence of p26 to 
other small heat shock/ a crystallin proteins (e.g., oA-crystallin. human oB-crystallin, human 
small heat shock protein 27 (H27), and a Drosophila small heat shock protein known as 
embryonal lethal (2) 13-1 (Dro)), see Molecular Characterization of a Small Heat 
Shock/alpha-Crystallin Protein in Encysted Artemia Embryos by Liang et al., J Biol Chem 
(272(30):19051-19058 (1997)). See also, Liang et al.. Purification, structure and in vitro 
molecular-chaperone activity of Artemia p26, a small heat-shock/alpha-crystallin protein, 
Eur. J.Biochem.243 (l-2):225-232 (1997). The protein sequence of p26 may be obtained 
from the National Center for Biological Information (NCBI) website under accession number 
AAB87967. Hie cDNA sequence coding for p26 is avaHable from the National Center for 
Biological Information (NCBI) under accession number AF031367. 
[0092] The Hsp70 family is a multi-gene family of chaperones but all members have four 
common features: highly conserved sequence, molecular mass about 70 kDa, ATPase activity 
and an abiUty to bind and release of hydrophobic segments of unfolded polypeptide chains. 
The protein known as Hsp 70, however, is the only member of the family that is strongly 
inducible by heat stress. 

[0093] In an embodiment of the invention, the p26 gene (p26 cDNA) is ligated into the 
vector (such as pSecTag2A DNA) by use of T4 DNA ligase and then cloned in Escherichia 
coli DH5a. The p26-containing plasmid produced by Ugation may be mixed in a tube and 
incubated at room temperature for a suitable period of time (e.g., 5 to 30 minutes) wilii an 
agent that enhances transfection before application to the biological sample(s) for 
transfection. For example, Lipofectamine 2000 (Invitrogen, Carlsbad, CA) is a cationic lipid- 
based transfection reagent. Other transfection reagents are known and may be used in place 
of Upofectamine 2000 which will, however, be mentioned as an exemplar reagent herein. 
The vector may be placed in a culture solution, such as-serum-free DMEM (Dulbecco's 
Modified Eagle Medium), to produce a transfecting solution. 

[0094] For transfecting, the biological sample(s) may be treated with the transfecting 
solution in any suitable manner, such as by immersing the cells in the transfecting solution 
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for . stable period of toe (e.g.. 10 to 50 minutes). In an embotoent of the inv^tioo. 
«„^tionsofcelIs was aooomplishedby .he use of800 nanograms oftheplasnudDNA 
^and3MlofLipof«.amine 2000 in eomofserum-freeDMEM for cells in each well 
ofasix-weUcultureplate. It is tobeundersu^dthal the ceUs may be .ransfected with.be 
st^ssproteinbeforebeingloaded with the solute, after beingloaded with the sotate, or 

simultaneously with the loading of the solute. 



VI. Aspects of loadmg 

(00951 m some embodhnent of the invention, the sttess protein maybe loaded into the 
biologioalsample(s)(i.e.>.on„n-transfectedbi„logicalsample(s))by any suitable m^ 
and/or method(s), such as by the employment of aprotem-loadingsolution{e.g.. apM- 
loading solution). For flus embodiment ofme invention, the s^ess protein, prefer*^^ 
^sproteininessentiaBypureform.wouldbemixedwifl.asuitableptotein.loadmg 
solution(e.^,ap26.1oading solution). a»l.hebiologicalsample(s)wouldsubse,uenUy be 
disposedinfteprotein-loading solution for causing the transfer offl«s.ressprotem from 0^^ 

protein-loadingsolutioninto .hebioWcalsample(s). -mcptotein-loadmg solution may be 
ar>ysuitablephysiologicaUy acceptable solution in an amount and under cond^t-onsefli^^^ 
tocause^j-tate or Wuction" of the stress protein fcm the protein4oadingsolut.on>nto 
thebiologicalsampleCs). Broadly.by way of example only.aphysiologicaByaccq,tabe 

solution comprises one or more of the foUowmg: the stess protein (e.g.. p26). a salt solubon 
(e g PBS), a protein (e.g., BSA), and a carbohydrate (e.g.. a starch, an oUgosacchande. etc). 
U.oL embodiments of fl.e invention, the physiologicallyacceptable solution compr^ one 

ormoreofthefbUowing:aieplasmidDNAmixtu.e(e.g.,*eplasmidDNAm«b«). 
Lipofectamine2000.asaltsolution(e.g.,PBS),aprotein(e.g,.BSA).andacarbohydra.e 

(e.g., a starch, an oligosaccharide, etc). 

,00961 Tk. loadtog temperatare of the protem-loading soluHon for loading a stress protem 
into the biologicaisample{s)nu.y be any suitable temperance, such asatemperatureransn^ 
ftom about 25 degreesCto about 60 degrees C. more preferably ftom about 30 degreesCto 
about 40 degreesC.moreptefer.bly yet ftom about 36 degteesC*. about 38 degrees C. The 
loadmg/mcubating tune forloadinga>es.r«sproteu.may be any suitable time, such asato^ 
rangmgftom about lOminutes to about 48 hours. morepreferablyfiomabout30mmu.es to 

about 34 hours, most preferably torn about 45 minutes to about 24 hours. 
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[0097] In another embodiment of the invention the stress protein maybe deUvered into the 
biological sample(s) through the use of a protein deUvery kit sold as the BioPORTER® 
Quikease Protein DeUvery Kit 2 (Sigma-Aldrich Corp., St. Louis, MO). Suitable 
BioPORTER® protein deHvery kits are sold under product Nos.BPQ24 and BPQ96. The 
BioPORTER® deUvery kit has a BioPORTER® reagent which reacts quickly and interacts 
non-covalently with the stress protein (e.g., p26) for creating a protective vehicle for 
inunediate deUvery into biological sample(s). In embodiments of the invention the 
BioPORTER® reagent is incubated with the stress protein (e.g., p26) for a suitable period of 
time, such as from about 2 mins. to about 15 mins.(e.g., 5 mins.). Subsequently, the resulting 
incubated product having the stress protein is then incubated with the biological sample(s) for 
1 to 8 hours (e.g., about 4 hours). In an embodiment of the invention, the BioPORTER® 
reagent-stress protein complex is taken up by fluid phase endocytosis, subsequently fusing 
with a membrane (e.g., an endosome membrane) of the biological sample(s) and releasing the 
stress protein into the cells(e.g., into the cytosol of the cells). The foregoing procedure may 
also be employed for loading the solute simultaneously with the loading of die stress protein. 
[0098] Embodiments of the present invention wiU be explained by loading of the solute 
into the biological sample(s) after the biological sample(s) contain the stress protein. 
However, it is to be understood that the spirit and scope of the present invention includes 
loading or transfecting the biological sample(s) with the stress protein after the biological 
sample(s) is/are loaded with the solute, or simultaneously with the loading of the solute. 
Thus, embodiments of Ihe invention are not to be restricted to any particular order with 
respect to loading, or transfecting, the biological sample(s) with the stress protein, and the 
loading of the solute into the biological sample(s). The loading, or transfecting, the 
biological sample(s) with the stress protein may be: (i) before the biological sample(s) is/are 
loaded with the solute; (u) after the biological sample(s) hasAiave been loaded with the 
solute; or (ui) simultaneously with the loading of the solute. 

[0099] After the biological sample(s) has/have been transfected with^y. or has/have been 
loaded with, a desired amount of the stress protein (e.g.. p26), the biological sample(s) may 
then be loaded with a suitable solute. Broadly, the preparation of solute-loaded biological 
sample(s) containing the stress protein in accordance with embodiments of the invention 
comprises the steps of loading one or more biological sample(s) with a solute by placing one 
or more biological sample(s) in a solute solution having a solute concentration of sufficient 
magnitude for transferring the solute from the solution into the biological sample(s). For 
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increasing the transfer or uptake ofthe solute from the solute solution, the solute solution 
temperature or incubation temperature has a temperature above about 25°C, more preferably 
above 30** C, such as from about 30" C to about 40° C. 

[01001 The solute solution for various embodiments of the present invention may be used 
for loading and/or drying and/or rehydration, or for any other suitable purpose. When the 
solute solution is employed for loading a solute into the biological sample(s), the solute 
solution may be any suitable physiologically acceptable solution in an amount and under 
conditions effective to cause uptake or "introduction" ofthe solute from the solute solution 
into the biological sample(s). A physiologically acceptable solution is a suitable solute- 
loading buffer, such as any of the buffers stated in the previously mentioned related patent 
appUcations, all having been incorporated herein by reference thereto. The solute solution 
may also be any suitable physiologically acceptable solution in an amount and under 
conditions effective for drying and/or rehydration. Therefore, the solute solution may be 
used as a drying buffer for drying loaded biological sample(s) and/or as a rehydration buffer 
for rehydrating biological sample(s) in reconstitiiting biological sample(s). Thus, any ofthe 
solute solutions for embodiments ofthe present invention may be used for any suitable 
purpose, including loading, drying, and rehydration. 

[01011 For particular embodiments ofthe present mvention, especially when the solute 
solution is being employed as a loading buffer, the solute solution comprises a solute (e.g., 50 
mM to 150 mM trehalose) and a salt solution (e.g., such as PBS). In other particular 
embodiments of tiie invention, especially when the solute solution is being employed as a 
drying buffer and/or a rehydration buffer, tiie solute solution comprises one or more ofthe 
following: a salt solution (e.g., PBS), a protein, a solute and an add (e.g., HEPES, or N-(2- 
hydroxyl etiiyl) piperarine-N'-(2-ethanesulfonic acid)). However, it is to be understood that 
tiie solute solution comprising one or more of a salt solution, a protein, a solute, and an acid 
may be used for any other suitable purpose. An example of a growth medium would be 
DMEM. 

[01021 The salt solution may be any suitable physiologically acceptable solution in an 
amount and under conditions effective to function as a carrier medium for a solvent, or for a 
mixture of a solvent, a protein and/or an acid. The salt solution may comprise KCl and NaCl, 
such as more particularly about Ito 15 mM KCl and about 40 to 80 mM NaCl with pH 7.2. 
The salt solution may also comprise a phosphate buffered saline (PBS) solution comprising 
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NaCl, Na2HP04, and KH2PO4. A suitable PBS buffer comprises abuffer sold under the 
product name Dulbecco's PBS (DPBS, Gibco cat # 14190). or a buffer comprising 283 mOsm 
PBS buffer (NaQ, Na2HP04, KH2PO4, pH 7. 2). 

[0103] The acid may be any suitable acid. Preferably, Ihe acid comprises a sulfonic add, 
such as. by way of example only. 5 to 20 mM HEPES ( N.(2-hydroxyl ethyl) piperarine-N'- 
(2-ethanesulfonic acid)). 

[01041 The carbohydrate for various embodiments of the invention is preferably trehalose. 
The amount of the preferred trehalose loaded inside the biological sample(s) ranges from 
about 10 mM to about 60 mM (e.g., up to about 50 mM), and is achieved by incubating the 
biological sample(s) to preserve biological properties during drying with a trehalose solution. 
The effective loading of trehalose is also preferably accompUshed by means of using an 
elevated temperature of from greater tban about 25° C to less than about 40° C. more 
preferably from about 30°C to less than about 40<'C. most preferably about ^TC. 
[01051 In an embodiment of the invention where the solute is to be loaded into the 
biological sample(s) simultaneously with the loading of the biological sample(s) with the 
stress protein, the solute solution comprises the stress protein, the solute, a salt solution (e.g.. 
PBS) and optionally one or more of the foUowing: a protein (e.g.. BSA). and a carbohydrate 
(e.g., trehalose). 

[01061 The loading temperature of the solute solution for this embodiment of the invention 
ranges from about 25 degrees C to about 40 degrees C, more preferably from about 36 
degrees C to about 38 degrees C. The loading/incubating time for loading the stress protein 
may be any suitable time, such as a time ranging from about 1 0 hours to about 48 hours, more 
preferably from about 18 hours to about 36 hours, most preferably from about 22 hours to 
about 24 hours. 

[01071 Albumin may serve as a bulking agent, but other polymers may be used with the 
same effect. Suitable other polymers, for example, are water-soluble polymers such as HES 
(hydroxy ethyl starch), polyvinyl alcohol, and dextran. 

(01081 The solute-loaded, stress protein-contained biological sample(s) in the drying buffer 
may liien be dried by the means described above, such as by vacuum drying, air drying, or 
freeze drying, all known in the art. Vacuum drying is the most preferred, with air drying less 
preferred to vacuum drying, and freeze drying least preferred. 
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[01091 The solute-loaded, stress protein-containing cells in the drying buffer may be 
vacuum dried m accordance with well known procedures. Biological sample(s) loaded with 
trehalose and producing p26 maybe aHquotted into volumes of 50-150 and subjected to 
vacuum in the range of 3 inches Hg at room temperature for a period in the range of 2 to 4 
hours. This vacuum drying technique would bring the water content in the biological 
samples) down to about 0.2 gm. HzO/gm. dry weight. 

[01101 The solute-loaded, stress protein-contained biological. sample(s) m the drying 
buffer may be air dried in accordance with well known procedures. Biological samples 
loaded with trehalose and producing p26 may be aliquotted into volumes of 50 uL - 1.0 mL 
and dried either in a biohood or in a desiccator modified to distribute a stream of dry air 
evenly across the surface of the biological sample(s). The drying may be conducted at room 
tempemture for a period in the range of 6 to 10 hours. This air drying technique would bring 
the water contentmthe biological sample(s) down to about 0.2 gm. HzO/gm. dry weight. 
[01111 If the solute-loaded, stress protein-contained biological sample(s) in the drying 
buffer are freeze-dried, the solute-loaded, stress protein-contained biological sample(s) in the 
drying buffer may be dried while simultaneously cooled to a temperature below about -32''C. 
A cooling, that is, freezing, rate is preferably between -SO^C and -l^C/min. and more 
preferably between about .2«'C/min to -5°C/min. Drying may be continued mitil about 95 
weight percent of water has been removed from the biological sample(s). During the initial 
stages of lyophilization, the pressure is preferably at about 10 x 10"^ torr. As the biological 
samples dry. the temperature can be raised to be warmer than -32°C. Based upon the bulk of 
Ihe biological samples, the temperature and the pressure it can be empirically determined 
what the most efficient temperature values should be in order to maximize the evaporative 
water loss. Dried (e.g., freeze dried) biological sample compositions preferably have from 
0.2 to 0.5 % gram of water per gram dry weight. 

[01121 The viability (e.g., the % viabiUty) of biological sample(s) after drying may be 
detemiined by fluorescent Uve/dead analyses. There are several coimnerciaUy available 
fluorescent live/dead kits. These kits work on the same principles as trypan blue; that is, dead 
biological sample(s) with compromised plasma membranes will take up membrane- 
impenneant dyes. A typical Uve/dead kit may contain a membrane permeant dye (e.g. syber 
green, SG. from Molecular Probes), which will stain all the biological sample(s), and a 
membrane-impermeant dye (e.g. propidium iodide, PI), which will stain only the dead 
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biological. sample(s). The percentage of dead biological saniple(s) is calculated by counting 
the Pl-stained biological sample(s) and dividing by the SG-stained biological sample(s). The 
percentage of viable biological sample(s) is calculated by subtracting the % dead biological 

sample(s) from 100. 

[01131 After drying and storage of the biological sample(s). the process of using such a 
dehydrated biological-sample composition comprises tehydrating the biological sample. 
[01141 It has been discovered that the ability of dried biological sample(s) having a stress 
protein (e.g., p26) to proliferate and form colonies after rehydration is greater than the ability 
of dried biological sample(s) not having a stress protein to proliferate and form colonies. It 
has also been fiirther discovered that the abiUty of dried biological sample(s) having a stress 
protem and a solute to proUferate and form colonies after rehydration is also greater than 
dried biological sample(s) not having a stress protein, or having a solute and no stress protem. 
The proUferation or the number of colonies formed by the biological sample(s) after drying 
and rehydration may be determined by any suitable procedure well known to those skilled in 
the art. By way of example only, after rehydration, the biological sample(s) may be plated 
into T-25 flasks and incubated at 'iTC for 7 days. The biological sample(s) may then be 
subsequently stained with either Coomassie blue or Hema 3, and the colonies m each flask 
may be counted to obtain the proliferation or the number of colonies formed by the biological 

sample(s) after drying and rehydration. 

[01151 Embodiments (e.g.. the viabiUty of dried biological sample(s). proUferation of 
biological sample(s) after drying and rehydration, etc.) of the present invention will be 
illustrated with eukaryotic 293 cells (which are epithelial in origin) and by reference to 
Figures 1-10. It is to be understood that such use of 293 cells and such reference to Figures 
1-10 are for exemplary purposes only, and are not to limit any of the embodiments of the 
present invention, or limit the spirit and scope of the present invention in general. 
[01161 Figure 1 shows a graph of T-293 cell viability (%) subsequent to drying vs. water 
content (gm. water/gm. dry weight) after drymg for transfected 293 cells (T-293 cells) and for 
control 293 cells (293-cells). with both the transfected 293 cells and the control 293 cells 
having no trehalose internally and with thedrying buffer for both transfected 293 cells and 

control 293 cells having no trehalose. Example H below provides the more specific testing 
conditions and parameters which produced the graphical illustrations of Figure 1. Graph 10 
and graph 12 in Figure 1 represents the transfected 293 cells, and the control 293 cells. 
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tespectively. Figure 1 m»strates that transfected T.293 oeUstnmsfe<=ted with p26 survive 
dryingb.ttertl«n control 293 cells not having been transfected with p26. AltemaUvdy. 
FigurelrnayiUuslrate that, when .here is no trehalose inside or outaide,the« is no difference 

in survival between the two types of cells. 

fOllTI Figure 2 is a graph of viabiUty (%) subsequent to drying vs. water cont«t (gm. 
water/gm. dry weight) after drying for transfected 293 cells (T.293ceUs)and for control 293 

ceUs (293-ceIls). with both the transfected 293 cells and the control 293 ceUs having no 
trehaloseintemany and with the dryingbuftr for both transfected 293 ceUs and con^ol 293 

cells having 1 50 mM trehalose. Example HI below provides the more specific testmg 
conditions and parameters whichproduced the graphical illustrations ofFigure 2. Graph 20 

and graph 22 in Figure2represents the transfected 293 cells, and the contn-l 293 cells, 
respectively. Figure 2 illustrates that survival of transfected T-293.cells is impn>ved 
compared to contn,! 293 ceUswhe« the transfectedT-293 cells are dried iaadryingbuffer 

having 1 50 mM trehalose. 

101181 hi Figure 3 there is seen a graph of viability (%) subsequent to drying vs. water 
content (gm. water/gn.. dry weight) atodryingfortransfected293 cells (T-293 cells)^^^ 
oontrol293 ceUs (293-cells).withboth the transfected 293 cells and the control 293 ceUs 
havingtrehaloseint«nallyandwiththedryingbu£&rforbo.h.ransfected293 ceUsand 

control 293 cells having 150 mM trehalose. Graph 30 and graph 32 in Figure 3 represents ^e 
transfected 293 cells, and the control 293 cells, respectively. Example IV belowprovides the 

more spedflc testmg conditions and parameters which produced *egrapUcaliUustrat.om^^^ 

Figures. Figure3iUustrates that m«mndianT.293 cells transfected withp26.andloaded 

withtrehalose. and dried inadryingbuf&r having trehalose greatlyimproves survival and/or 

ViabiUty when compared to control 293 cells not transfected with p26. 
; [01191 Figure4isagraphofthennmberotcolonies8>rmedafterrehydrationvswater 
content after drymg.hetramfeot«1293 cells (1-293 cells) and the control 293 ceUs(293- 
ceUs) to 0.3 ^. water/gm. dry weight and to 0.2 gm. wat^/gn. dry weight, with both flie 
^.fected 293 ceUs and the control 293 ceUshaving trehalose internally and with the drymg 
buffer for both transfected 293 cells and control 293 cells havinglSOmM trehalose. Blocks 
40 and 44 respectivelyrepresent transfected 293 ceUs for water contents of0.3gm water/gm 
dry weight andto 0.2 gmwatet/gmdry weight Block 42 and.hennmber-0" represented by 
numeral 4«respectively represent control 293 cells for water contents of0.3gm water/gm 
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dry weight and to 0.2 gm water/gm dry weight. Example V below provides the more specific 
testing conditions and parameters which produced the graphical illustrations of Figure 4. In 
the experiment that produced the results and graphical illustrations of Figure 4. transfected 
293 cells and control cells were both dried respectively to 0.3 gm water/gm dry weight and to 
0.2 gm water/gm dry weight, rehydrated and then plated (cultured) to determine their abiUty 
to form colonies subsequent to rehydration (a measure of long-term proliferation and 
survival). As illustrated in Figure 4, transfected T-293 cells dried to 0.3 gm water/gm dry 
weight were able to produce colonies 20X greater than the control 293 cells. This pattern 
persisted at lower water contents of 0.2 gm water/gm dry wei^t. However, no control 293 
cells were able to proliferate at a water content of 0.2 gm water/gm dry weight, while a 
significant fi-action of the transfected T-293 cells did so. 

[0120] Referring in detail now to Figure 5, there is seen a graph of survival (% viability) 
vs. water content (gm. water/gm. dry weight) for a first batch of p26-transfected 293 cells (T- 
293 cells) after air drying and rehydration, and for a second batch of p26-transfected 293 cells 
(T-293 cells) after vacuum drying and rehydration, with both batches of the p26-transfected 
293 cells having trehalose internally. Example VI below provides the more specific testing 
conditions and parameters which produced the graphical illustrations of Figure 5. Graph 50 
and graph 52 in Figure 5 represents vacuum-dried transfected 293 cells, and air-dried 
transfected 293 cells, respectively. Figure 5 broadly illustrates that cell survival increases 
(e.g., increases by from about 20% to about 90%) by vacuum drying as opposed to air drying. 
Figi^e 5 more specifically illustrates that after p26 transfected T-293 cells were loaded with 
trehalose (e.g.. 25 mM to 800 mM trehalose) while mcubating at a temperature above about 
25° C (e.g.. from about 35^0 to about 40''C), and then vacuum dried, instead of or as opposed 
to air drying, until the p26 transfected T-293 cells comprised a residual water content of less 
than or equal to about 2.0 grams of water per gram of dry weight of T-293 cells, survival (% 
viability) increases. Figure 5 also more specifically illustrates that had the trehalose-loaded, 
p26 transfected T-293 cells been air dried, instead of or as opposed to vacuum dried, to the 
extent that the trehalose-loaded, p26 transfected T-293 cells had a residual water content of 
greater than (or equal to) about 2.0 grams of water per gram of dry weight of T-293 cells, 
survival (% viabiUty) mcreases. Thus, air drying is the preferred drying technique for 
trehalose-loaded, p26 transfected T-293 cells if the residual water content of the trehalose- 
loaded, p26 transfected T-293 ceUs is maintained at greater than (or equal to) about 2.0 grams 
of water per gram of dry weight of T-293 ceUs (e.g.. from about 2.0 grams of water per gram 
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of dry weight of T-293 ceUs to about 8.0 grams water per gram of dry weight of T-293 ceUs); 
and vacuum drying is the preferred drying technique for trehalose-loaded, p26 transfected T- 
293 ceUs if the residual water content of the trehalose-loaded, p26 transfected T-293 cells is 
maintained at less than (or equal to) about 2.0 grams water per gram of dry weight of T-293 
cells. As shown in Figure 5. the survival of the 293 cells (i.e., the biological sample) is 
preferably at least about 60 % (e.g., such as from about 60 % to about 80 %). more preferably 
at least about 80 %. 

10121] In Figure 6 there is seen a graph of survival (% viability) vs. water content (gm. 
water/gm. dry weight) for a first batch of transfected 293 cells (T-293 cells) after air drying 
whUe in a thin fikn configuration and after rehydration, and for a second batch of transfected 
293 cells (T-293 cells) after air drying while in a plurality of droplets configuration and after 
rehydration, with both batches of the transfected 293 cells having trehalose intemally. In 
Figure 7 there is seen a graph of survival (% viability) vs. water content (gm. water/gm. dry 
weight) for a first batch of transfected 293 cells (T-293 cells) after vacuum drying while in a 
thin film configuration and after rehydration, and for a second batch of liansfected 293 cells 
(T-293 cells) after vacuum drying while in a plurality droplet configuration and after 
rehydration, with both batches of the transfected 293 cells having trehalose intemaUy. 
[01221 A thin film configuration for the drying solution or buffer has a fihn containing cells 
and has a thickness from about 0.1 mm to about 8.0 mm, preferably from about 0.50 mm to 
about 3.00 mm. A droplet or bead configuration for the drying solution or buffer contains 
cells and has a bead or droplet physical configuration. When the loaded transfected 293 cells 
(T-293 cells) are to be dried in a drying solution having rounded droplets or beads, each 
droplet or bead would have an average volume ranging fix)m about 10 ^iL to about 250 nL, 
preferably from about 20 ^iL to about 150 pL, more preferably from about 30 jiL to about 
100 nL, most preferably from about 40 n to about 70 (e.g., about 50 [iL). 
[01231 Example VH below provides the more specific testing conditions and parameters 
which produced the graphical illustrations of Figure 6 and of Figure 7. Graph 60 in Figure 6 
illusfrates the viability (% viabiUty) following rehydration of air-dried, rounded (i.e., bead- 
shaped) droplets of drying solution containing trehalose-loaded fransfected 293 cells. Graph 
62 in Figure 6 illustrates the viabiUty (% viabUity) following rehydration of an air-dried, thin 
fihn drying solution containing trehalose-loaded transfected 293 cells. Graph 90 in Figure 7 
illustrates the viability (% viabiUty) foUowing rehydration of vacuum-dried, rounded (i.e., 
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bead-shaped) droplets of drying solution containing trehalose-loaded transfected 293 cells. 
Graph 92 in Figure 7 Ulustrates the viabiHty (% viabiUty) foUowing rehydration of a vacuum- 
dried, thin fihn drying solution containing trehalose-loaded transfected 293 cells. 
[01241 Figure 6 broadly illustrates that cell survival increases (e.g., increases by from about 
20% to about 90%) by air drying rounded (i.e.. bead-shaped) droplets of drying solution 
containing trehalose-loaded transfected 293 cells to a water content of less than or equal to 
about 3 grams of water per gram of dry weight of T-293 cells, instead of air drying in thin 
fihn configuration the drying solution containing trehalose-loaded transfected 293. Figure 6 
also broadly illustrates that when the drying solution containing trehalose-loaded, p26 
transfected T-293 cells are air dried in a thin fihn configuration (instead of or as opposed to a 
rounded droplet configuration) to the extent that the trehalose-loaded, p26 transfected T-293 
cells had a residual water content of greater than (or equal to) about 3 .0 grams of water per 
gram of dry weight of T-293 cells, survival (% viabiHty) of the 293 cells increases after 
rehydration. Thus, when air drying is the drying technique for trehalose-loaded, p26 
transfected T-293 cells, survival (% viability) is greatest if the drying solution containing the 
trehalose-loaded, p26 transfected T-293 cells is in thin fihn configuration and if the residual 
water content of ttie trehalose-loaded, p26 transfected T-293 cells is maintained at greater 
than (or equal to) about 3.0 grams of water per gram of dry weight of T-293 cells (e.g., from 
about 3.0 grams of water per gram of dry weight of T-293 cells to about 8.0 grams water per 
gram of dry weight of T-293 cells); and rounded droplets configuration is the preferred 
configuration for the drying solution contaming ti:ehalose-loaded, p26 transfected T-293 cells 
if the residual water content of tiie trehalose-loaded, p26 transfected T-293 cells is maintained 
at less than (or equal to) about 3 .0 grams water per gram of dry weight of T-293 cells. As 
shown in Figure 5, the survival of the 293 cells (i.e.. the biological sample) is preferably at 
least about 600 (e.g., such as from about 60% to about 80%), more preferably at least about 
80%. 

[0125] Figure 7 broadly illustrates tiiat cell survival increases (e.g., increases by from about 
5% to about 20%) by vacuum drymg rounded (i.e., bead-shaped) droplets of drying solution 
containing trehalose-loaded transfected 293 cells to a water content ranging from a value 
greater than or equal to about 1 grams of water per gram of dry weight of T-293 cells to a 
value less than or equal to about 3.5 grams of water per gram of dry weight of T-293 cells, 
instead of vacuum drying in thin fihn configuration the drymg solution containing trehalose- 
loaded transfected 293. Figure 7 also broadly illustrates that when the drying solution 
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containing trehalose-loaded, p26 transfected T-293 ceUs are vacuum dried in a thin film 
configuration (instead of or as opposed to a rounded droplet configuration) to the extent that 
the trehalos^loaded. p26 transfected T-293 cells had a residual water content ranging from a 
value greater than (or equal to) about 3.5 grams of water per gram of dry weight of T-293 
cells to a value less than or equal to about 7.5 grams of water per gram of dry weight of T- 
293 cells, survival (% viability) of the 293 cells increases after rehydration. Thus, when 
rounded droplets are to be configuration for drying the drying solution containing trehalose- 
loaded p26 transfected T-293 cells, drying may be by either air drying or vacuum drying if 
the residual water contentofthe trehalose-loaded, p26transfectedT-293 cells is mam^^ 
at less tiian(or equal to)about3.0gramsofwater per gram of dry weightofT-293 cells; and 
atiun film configuration is the preferred configuration for the drying solution contammg 
trehalose-loaded. p26 transfected T-293 cells if the residual water content of the trehalose- 
loaded, p26 transfected T-293 cells is maintained at greater than (or equal to) about 3 .0-grams 
water per gram of dry weight of T-293 cells. 

[0126] hi Figure 8 tiiere is a graph of survival (% average viabiUty) vs. water content (gm. 
water/gm. dry weight) for 293 cells (293 cells) after vacuum drying while in a plurality 
droplet configuration and after rehydration, and for transfected 293 cells (T.293ceUs)after 
vacmim drying whileinaplurality droplet configuration and after rehydration, with both t^^ 
293 cells and the transfected 293 cells having trehalose intemally (e.g., from about 25 mM to 
about 800mM of internal trehalose). Example Vin below provides the more specific testing 
conditions and parameters which produced the graphical illustrations of Figure 8. Graph 100 
in Figure 8 iUustrates the viability (% average viability) following rehydration of vacuum- 
dried, rounded (i.e., bead-shaped) droplets of drying solution containing trehalose-loaded 
transfected 293 cells. Graph 102 in Figure 8 illustrates the viabihty (% average viabUity) 
foUowmg rehydration of a vacuum-dried, rounded (i.e., bead-shaped) droplets of drying 
solution containing trehalose-loaded 293 cells (i.e.. trehalose-loaded non-transfected 293 
cells). Figure 8 broadly illustrates that cell survival increases (e.g.. increases by firom about 
10% to about 20%) by vacuum drying rounded (i.e., bead-shaped) droplets of drying solution 
containing trehalose-loaded transfected 293 cell's to a water content of less tiian or equal to 
about 5 grams of water per gram of dry weight of T-293 ceUs (e.g., from about 0.1 grams of 
water per gram of dry weight of T-293 cells to about 5.0 grams water per gram of dry weight 
of T-293 cells), instead of vacuum drying rounded (i.e.. bead-shaped) droplets of drying 
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solution containing trehalose-loaded 293 cells (i.e., trehalos^loaded non-transfected 293 
cells). 

[01271 Figure 9 sets forth a flow chart of a preferred embodiments of the invention. 
(01281 Embodiments of the present invention will be illustrated by the following set forth 
examples which are being given to set forth by way of illustration only and not by way of 
limitation. It is to be understood that all materials, chemical compositions and procedures 
referred to below, but not explamed, are known to those artisans possessing skiU in tiie art. 
All materials and chemical compositions whose source(s) are not stated below are readily 
available from commercial suppUers, which are also known to those artisans possessing skill 
in the art. Parameters such as concentirations, mixing proportions, temperatures, rates, 
compounds, etc., set forth in these examples are not to be construed to unduly limit the scope 
of the invention. Abbreviations used in tiie examples, and elsewhere, are as follows: 

DMSO = dimetiiylsulfoxide; ADP = adenosine diphosphate 

PGEl = prostaglandin El ; HES = hydroxy ethyl starch 

FTIR = Fourier transform infrared spectroscopy 

EGTA = ethylene glycol-bis(2-aminoethyl ether) N,N,N',N', tetra-acetic acid 
TES =N-tris (hydroxymethyl) methyl-2-ammoethane-sulfonic acid 
HEPES =N-(2-hydroxyl ethyl) piperarine-N'-(2-ethanesulfonic acid) 
PBS = phosphate buffered saline; HSA = human serum albumin 
BSA = bovine serum albumin; ACD = citiic add, citrate, and dextrose 
MPCD = methyl-p-cyclodextiin 

RXAMPLEI 

[01291 p26 was purified from encysted embryos of A frandscana (San Francisco Bay) 
purchased from San Francisco Bay Brand, Newark, CA, USA. Purification steps were 
performed at 4° C or on ice. Dried embryos (50 g), were hydrated at 4" C for 16 hours in sea 
water; filtered; washed with cold 40 mM HEPES-KOH, pH 7.5, at 4° C, 70 mM NaCl. and 1 
mM EDTA (buffer A); and homogenized in the same buffer with a Retsch motorized mortar 
and pestle (Brinkman Insfruments, Canada). The homogenate was centiifoged (4000 x g, 20 
minutes) and the supernatant filtered through 6 layers of cheesecloth, centrifiiged again at 16 
000 X g for 40 minutes, and then at 23 500 x g for 30 minutes. Solid Qm^h^O, was added to 
40% saturation in the final supernatant. Precipitated proteins were collected at 10 000 x g for 
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30 minutes; dissolved in 20 mM Tris-HCl. pH 8.15, 150 mM NaCl, 1 mM MgCh, and 0.1 
mM EDTA (buffer B); and dialyzed overnight against this buffer. After dialysis, the solution 
was passed through a 0.45-mm filter, appUed to a Source 1 5 Q ion-exchange column 
(Amersham Pharmacia Biotech), equiHbrated, and developed at 2 mL/min in buffer B. The 
column was washed with buffer B for 30 minutes, and a linear NaCl gradient (150-500 mM) 
was used for elution of p26 between 235-270 mM NaCl. Fractions containing p26 were 
pooled; concentrated using Centriprep-30 (Amicon); dialyzed against 40 mM HEPES-KOH, 
pH 7.5 (buffer C), and 3.00 mM NaCl; further purified by gel filtration using a TSK-Gel 
G4000SWXL column (0.78 x 30 an, Toso Haas, Japan); equilibrated; and developed at 0.5 
miymin in buffer C and 300 mM^NaCl. p26 was eluted between 9.5-10.5 mL of the buffer 
volume, and the resulting protein was more than 95% pure. The protein was concentrated to 
approximately 1 mg/mL with Centriprep-30; dialyzed against 50 mM Tris-HCl. pH 8, and 2 
mM EDTA (TE buffer); and centrifiiged at 10 000 x g for 15 minutes. Further concentration 
and storage in buffer C led to unwanted insoluble aggregates. Aliquots were quick firozen ,in 
Uquid nitrogen and stored at -70° C. Fractions firom each step of purification were checked 
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and/or Westem 
immunoblotting with polyclonal antibody to p26 and then pooled according to purity. 
RXAMPLEn 

[01301 293 cells and T293 cells were grown in T-25 flasks to -90% confluence. The cells 
were harvested by trypsinization according to standard protocols. Briefly, the medium was 
removed from the cultures and they were washed one time with 5 mL DPBS. Trypsin (1 mL 
of 0.05% in 0.53 mM EDTA-4Na) was added to the culture for -1 min and the flasks were 
rapped to dislodge the cells. Medium (4 mL) was added to stop the reaction, and the cells 
were pelleted by centrifugation at 176 x g for 5 min. The peUet was suspended in 5-10 mL 
DPBS and the centrifugation step was repeated. The cell pellet was then suspended in air 
drying buffer lacking trehalose (10 mM Hepes, 5 mM KCl, 65 mM NaCl, and 5.7% BSA 
with pH 7.2) at 1 .4 million cells per mL. Aliquots (1 .0 mL) were placed in 35 mm 
polysterene Petri dishes and air-dried in a ThermoForma biosafety cabinet in specific marked 
locations in flie center of the hood over 0-24 hours. At various time points during drying, 
samples were removed for viabiUty and water content analyses. Water contents were 
measured gravimetrically in tripUcate. For viabiUty measurements, samples were rehydrated 
with 1 mL medium. 50 \iL of cellular suspension was mixed with 50 \iL trypan blue and 
incubated at room temperature for 3 min. Cells were visualized at 1 OX by Ught microscopy 
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on a hemacytometer and counted using five counts of 50-100 cells per 1 mm^ hemocytometer 
grid square for each sample. Percent viabiUty was calculated as the number of cells 
excluding the dye divided by the total number of cells. Viability was plotted as a function of 
water content as the means +/- standard deviation (for both variables), with the results 
illustrated in Figure 1. 

RXAMPLE m 

[0131] 293 cells and T293 cells were grown in T-25 flasks to --90% confluence. The cells 
were harvested by trypsinization according to standard protocols. Briefly, the medium was 
removed from the cultures and they were washed one time with 5 mL DPBS. Trypsin (1 mL 
of 0.05% in 0.53 mM EDTA-4Na) was added to the culture for ~1 min and the flasks were 
rapped to dislodge the; cells. Medium (4 mL) was added to stop the reaction, and the cells 
were pelleted by centrifugation at 176 x g for 5 min. The pellet was suspended in 5-10 mL 
DPBS and the centrifiigation step was repeated. The cell pellet was then suspended in air 
drying buffer containing trehalose (10 mM Hepes, 5 mM KCl, 65 mM NaCl, 150 mM 
Trehalose, and 5.7% BSA with pH 7.2) at 1 .4 milUon cells per mL. AUquots (1 .0 mL) were 
placed in 35 mm polysterene Petri dishes and air-dried in a ThermoForma biosafety cabinet 
in specific marked locations in the center of the hood over 0-24 hours. At various time points 
during drying, samples were removed for viability and water content analyses. Water 
contents were measured gravimetrically in tripUcate. For viability measurements, samples 
were rehydrated with 1 mL medium. 50 nL of cellular suspension was mixed with 50 ^L 
trypan blue and incubated at room temperature for 3 min. Cells were visualized at lOX by 
light microscopy on a hemacytometer and counted using five counts of 50-100 cells per 1 
mm' hemocytometer grid square for each sample. Percent viability was calculated as the 
number of cells excluding the dye divided by the total number of cells. Viability was plotted 
as a function of water content as the means +/- standard deviation (for both variables), the 
results shown in Figure 2. 

EXAMPLE IV 

[0132] 293 cells and T293 cells were grown in T-25 flasks to -90% confluence. The cells 
were incubated in medium with 100 mM trehalose for 24 hours at 37 °C to induce 
endocytotic loading. The cells were then harvested by trypsinization accordmg to standard 
protocols. Briefly, the medium was removed from the cultures and they were washed one 
time with 5 mL DPBS. Trypsin (1 mL of 0.05% in 0.53 mM EDTA-4Na) was added to the 
culture for ~1 min and the flasks were rapped to dislodge the cells. Medium (4 mL) was 
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added to stop the reaction, and the ceUs were peUeted by centrifugation at 176 x g for 5 min. 
The peUet was suspended in 5-10 mL DPBS and the centrifugation step was repeated. The 
cell pellet was then suspended in air drying buffer containing trehalose (1 0 mM Hepes, 5 mM 
KCl, 65 mM NaCl, 150 mM Trehalose, and 5.7% BSA with pH 7.2) at 1.4 million cells per 
mL. AHquots (1.0 mL) were placed in 35 mm polysterene Petri dishes and air-dried in a 
ThermoForma biosafety cabinet in specific marked locations in the center of the hood over 0- 
24 hours. At various time points during drying, samples were removed for viability and 
water content analyses. Water contents were measured gravimetrically in triplicate. For 
viabiUty measurements, samples were rehydrated witii 1 mL medium. 50 jiL of cellular 
suspension was mixed with 50 jiL ti^pan blue and incubated at room temperature for 3 min. 
Cells were visualized at lOX by Ught microscopy on a hemacytometer and counted using five 
counts of 50-100 cells per 1 mm^ hemocytometer grid square for each sample. Percent 
viabiUty was calculated as the number of cells excluding the dye divided by the total number 
of cells. Viability was plotted as a function of water content as tiie means +/- standard 
deviation (for botii variables), with the results shown in Figure 3. 

FXAMPLE V 

[01331 293 cells and T293 cells were grown in T-25 flasks to -90% confluence. The cells 
were mcubated in medium with 100 mM trehalose for 24 hours at 37 "C to induce 
endocytotic loading. The cells were tiien harvested by tiTpsmization according to standard 
protocols. Briefly, tiie medium was removed firom the cultiires and tiiey were washed one 
time witii 5 mL DPBS. Trypsin (1 mL of 0.05% in 0.53 mM EDTA-4Na) was added to the 
culture for ~1 min and tiie flasks were rapped to dislodge tiie cells. Medium (4 mL) was 
added to stop tiie reaction, and tiie cells were pelleted by cenfaifugation at 176 x g for 5 min. 
The pellet was suspended in 5-10 mL DPBS and tiie centiifiigation step was repeated. The 
ceU pellet was tiien suspended in air drying buffer containing ti:ehalose(10 mM Hepes, 5 mM 
KCl, 65 mM NaCl, 150 mM Trehalose, and 5.7% BSA witii pH 7.2) at 1.4 milUon cells per 
mL. Aliquots (1 .0 mL) were placed in 35 mm polysterene Petii dishes and air-dried in a 
ThermoForma biosafety cabinet in specific marked locations in tiie center of the hood. 
Samples were tiien removed and rehydrated witii 1 mL medium. Following viability testing 
by trypan blue exclusion (which used 50 mL), tiie remaining 950 mL was combined witii 7 
mL medium, and replated in a T-25 flask.. Parallel samples were assayed for residual water 
content by gravimetiic analysis. The cultures were incubated at 37 "C, 90% relative 
humidity, and 5% CO2 for 24 hours, after which time tiie medium was removed and replaced 
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with fresh medium. After incubation for 6 more days under the same conditions, the medium 
was removed and the colonies were stained with Hema 3 and counted. The results are 
illustrated in Figure 4, which is a graph of the number of colonies formed after rehydration vs 
water content after drying the transfected 293 cells (T-293 cells) and the control 293 cells 
(293-cells) to 0.3 gm. water/gm. dry weight and to 0.2 gm. water/gm. dry weight, with both 
the ta-ansfected 293 cells and the control 293 cells having trehalose internally and with the 
drying buffer for both the transfected 293 cells and the control 293 cells having 150 mM 
trehalose. 

KXAMPLEVI 

[0134] 293 cells transfected to produce the protein P26 from Artemia were loaded with 
trehalose for 24 hours by incubation at 37°C in medium + lOOmM trehalose, which resulted 
in internally trehalose concentration in the range 20-40 mM. The ceUs were dried by either 
air-drying or vacuum-drying and the viability following rehydration was compared by trypan 
blue exclusion. The air-dried samples (50 nL) were placed at room temperature (-20*0) in a 
modified desiccator flushed with dry air at approximately 200mL/min. The vacuum-dried 
samples (50pL) were placed in a vacuum chamber at room temperature and subjected to a 
vacuum of approximately 23 inches Hg. The residual water contents were measured by 
gravimetric analysis. The vacuum-dried samples show a significantly 1 left-shifted curve as 
compared to the air-dried samples, indicating a much higher viabiUty at the lowest water 
contents. 

EXAMPLE Vn 

[0135] Transfected 293 cells were dried in different physical configurations to determine 
tiie effect of the physical structure of the sample on viabiUty foUowing rehydration. 293 cells 
ti:ansfected to produce the protein P26 from Artemia were loaded with ti:ehalose for 24 hours 
by incubation at 37°C in medium + lOOmM brehalose, which results in an internal trehalose 
concenti-ation in the range of 20-40 mM. The cells were dried by either air-drying or 
vacuum-drying and the viability following rehydration was compared by trypan blue 
exclusion. The air-dried samples (50 nL) were placed at room temperature (~20*C) in a 
modified desiccator flushed with dry air at approximately 200mL/min. The vacuum-dried 
samples (SOjiL) were placed in a vacuum chamber at room temperature and subjected to a 
vacuum of approximately 3 inches Hg. The residual water contents were measured by 
gravimetric analysis. Cells were air-dried or vacuum-dried from either a 50 nL thin fihn or a 
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SO^L rounded droplet. Above 2 gHjO/g dry weight, there is little effect of the physical 
structure. But, at the lowest water contents, the viabiUties are 20-40% higher when the 
samples are dried in a rounded droplet instead of a thin film. 

py AMPLE Vm 

[0136] Average viabiHties (+/-SD) of vacuum-dried 293 cells and T293 cells when dried as 
rounded SOjiL droplets (beads). 293 cells transfected to produce the protein p26 from 
Artemia and control 293 cells were loaded with trehalose for 24 hours by incubation at STC 
in medium + lOOmM trehalose, which results in an intemal trehalose concentration in the 
range of 20-40 mM. The cells were dried by vacuum-drying and the viabiUty following 
rehydration was compared by trypan blue exclusion. The vacuum-dried samples (50^L) were 
placed in a vacuum chamber at room temperature and subjected to a vacuum of 
approximately 3 inches Hg. The residual water contents were measured by gravimetric 
analysis. Although both types of cells show improved viability with this combination, as 
compared to air-dried samples, the transfected cells still show higher survival than the 
standard 293 cells at water contents below 2gH20/g dry weight. Using this combination of 
treatments, the viability for the transfected cells is approaching 40% at 0.2gH2O/g dry weight. 
This is a significant improvement over methods described in previous disclosures. 

Conclusion 

[0137] Embodiments of the present invention provide that mammalian cells (e.g., T-293 
cells) transfected with the stress protein p26 and loaded with trehalose, a sugar found at high 
concentrations in organisms that normally survive dehydration, survived drying at water 
contents of about 0.5 gm water/gm dry weight cells, and below about 0.5 gm water/gm dry 
weight cells. Drying of the cells may be in any suitable manner, such as air drying or vacuum 
drying. Control mammalian cells not transfected with the stress protein p26, by contrast to 
the transfected mammaHan cells, have diminished survival at water contents as high as 2 gm 
water/gm dry weight ceUs. Thus, transfection of mammaHan cells with p26 and loading with 
trehalose improves the abiUty to dry mammalian cells, particularly mammalian nucleated 
cells. 

EXAMPLE DC 

[0138] This Example sets forth a procedure for conducting an exemplar assay for 
ascertaining entry of a solute into a cell. 
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[0139] T^.r1ma of Lucife i- v^iinw nH into Cells. A fluorescent dye, lucifer yellow CH 
(LYCH), can be used as a marker for penetration of cell membranes by a solute. Washed 
cells are'incubated in the presence of 1-20 mg/ml LYCH. hicubation temperatures and 
incubation times can be chosen as desired. After incubation, the cells are spun at 20 x at 
14,000 RPM on a table centrifuge, resu'spended in buffer, spun down for 20 s in buffer and 
reJuspended. Cell counts are obtained on a suitable counter, such as a hemacytometer, and 
the samples pelleted (for example, by centrifugation for 45 s 25 at 14,000 RPM, table 
centrifuge). The pellet is lysed in 0.1% Triton buffer (10 mM TES, 50 mM KCl. pH 6.8). 
The fluorescence of the lysate is measured on a Perkin-Ehner LSS spectrofluorimeter with 
excitation at 428 nm (SW 10 mn) and emission at 530 run (SW 10 mn). Uptake is calculated 
for each sample as nanograms of LYCH per cell using a standard curve of LYCH in lysate 
buffer. 

[0140] v^^inli^^tinn of cell --°-»^^^t.H T.,dfer Yellow. LYCH loaded platelets can be 
viewed on a fluorescence microscope (Zeiss) employing a fluorescein filter set for 
fluorescence microscopy. Cells can be studied either directly after incubation or after 
fixation with 1% paraformaldehyde in buffer. Fixed cells can be settled on poly-L-lysine 
coated cover slides and mounted in glycerol. 

[0141] n„.ntifin.tinn of Tr^t^^i^^^ »»H T VCTT Concentration. Uptake is calculated for 
each sample as micrograms of trehalose or LYCH per cell. The internal trehalose 
concentration can be calculated assuming a standard cell radius and by assmning that 50% of 
the cell volume is taken up by the cytosol (rest is membranes). The loading efficiency was 
determined from the cytosolic trehalose or LYCH concentration and the concentration in the 
loading buffer. 



EXAMPLE X 

10142] This Example sets forth materials and methods for studies of the effect of arbutin in 
the drying and rehydration of MSCs. 

Materials and Methods 

Materiab 

[0143] Tissue culture reagents were from Invitrogen (Carlsbad, CA), unless otherwise 
stated. Tissue culture disposables were from Nalge Nunc Intemational (Rochester, NY). 
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Trehalose was from CargiU. (MinneapoUs, MN). Equipment for western blots, and reagents 
were from Bio-Rad (Hercules, CA) unless otherwise stated. Bovine serum albumin (BSA), 
and glycine was from Research Organics (Cleveland, OH), Bromodeoxyuridine, and anti- 
bromodeoxyuridine, (mouse IgG,, monoclonal PRB-1. Alexa Fluor® 488 conjugate) was 
obtained from Molecular Probes (Eugene, Orgpn). Aibutin, ascorbic acid, silver nitrate, 
propidium iodide, and dexamethasone were from Sigma-Aldrich (St Louis, MO) and p- 
glycerophosphate was from Calbiochem (San Diego, CA). 



Cell Culture 

[01441 Human MSCs previously isolated from bone marrow and expanded in vitro to 
passage number 1 were a gift from Osiris Therapeutics (Baltimore, MD) and were shipped to 
UC Davis in Uquid nitrogen. The cells were grown in Dulbecco's modified Eagle medium- 
low glucose, with 10% FBS (Hyclone, Logan, UT) at 37 ''C with 5% CO2 and 90% RH. The 
cells were used up through passage number 4 at a level of 90-95% confluence. Cells were 
harvested by washing once with Dulbecco's PBS (DPBS) and incubating for 5-7 min with 
trypsin-EDTA [0.05% trypsin, and 0.53 mM EDTA-4Na]. This cell suspension was pelleted 
at 167 X g for 10 min and resuspended in medium or the specified buffer. Unused cells were 
counted before freezing and were frozen in mixture of 10% DMSO, 5% human serum 
albumin, and 70% Plasma Lyte A (both from Baxter Healthcare Corp., Deerfield, XL) until 
they were needed. 



Solute Loading 

[0145] Cells were grown in T-75 flasks to 90-95% confluence and loaded with extracellular 
solutes. Briefly, medium was removed from the flasks and replaced with MSC growth 
medium containing 100 mM trehalose or 70 mM trehalose plus 40 mM arbutin for 24 horns 
at 37 °C. Following incubation, the cells were washed once with 10 mL DPBS and harvested 
by trypsinization, as described above. The MSCs were then transferred to one of three 
diflFerent drying buffers. The control (no trehalose) drying buffer contained 1 0 mM Hepes, 5 
mM KCl, 140 mM NaCl, with pH 7.2. The trehalose-only drying buffer contained 10 mM 
Hepes, 5 mM KCl, 65 mM NaCl, 150 mM trehalose, and 5.7% BSA withpH 7.2, and the 
trehalose-plus-arbutin drying buffer included 10mMHepes,5mMKCl,30mMNaCl, 150 
mM trehalose, 70 mM arbutin, and 5.7% BSA with pH 7.2. 
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VactMtm-Drying 

[01461 The samples were dried in 50 nL aHqiiots in the shape of rounded droplets in the 
caps of Eppendorf microfoge tubes (Online Products. Petaluma, CA), at room temperature 
under a vacuum (pressure ~3 in Hg). At various time points, parallel samples were removed 
for assessment of viabiUty and residual water content. 

[0147] Viability was measured by propidium iodide (PI) exclusion as follows. Rehydrated 
MSCs were incubated in 2 ^g/ml PI for 10 min, then loaded on a hemacytometer (Hausser 
Scientific, Horsham, PA) and examined using an Olympus BX 61 fluorescence microscope 
(Miami, FL). The total number of cells was counted by differential interference contrast 
microsciopy, and the number of dead cells was counted by fluorescence using the Tritc/Di (U- 
N41002a).from Chroma Technology Corporation (Rockingham, VT). Five counts of 50-100 
cells per 1 mm^ hemocytometer grid square were taken for each sample. 
[01481 Gravimetric analysis was used to measure the residual water content of the vacuum- 
dried samples. Samples were weighed on a R 180 D. model Sartorius balance (Westbury, 
NY) immediately following removal from the vacuum chamber (= vacuum-dried sample) and 
again following complete water removal by incubation at 60 ''C under vacuum (pressure ~3 in 
Hg) for 24-48 h until a constant mass was achieved (= anhydrous sample). The difference 
between the anhydrous weight (includes vessel) and the vessel tare was taken as the dry 
weight of the sample. The difference between the weight of the vacuum-dried sample and 
that of the anhydrous sample (both include vessel) was taken as the water weight. The 
residual water contents are reported as the g water per g dry weight of the sample (g HzO/g 
dry weight). 



Rehydration and Cellular Recovery 

[0149] Vacuum-dried samples were rehydrated with excess medium (150 uL per sample) 
and mixed by gentle pipetting. The rehydrated cells were then replated in Lab-Tek slides and 
incubated overnight. Hiey were then mcubated in medium containing 10% alamarBlue (Bio 
Source, CamariUo, CA) for 24 hours. AlamarBlue is reduced by actively metaboUzing cells, 
and only the reduced from is fluorescent. Thus, cellular metabolism can be monitored by 
alamarBlue fluorescence (REF). AUquots of medium (1 .0 mL) were measured on a Perkin 
Elmer LS50B luminescence spectrometer (Ex 530 nm, Em 585 ran). 
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(01501 CeU division was monitored by incorporation of bromodeoxyuridine (BrdU). 
Rehydrated ceUs were replated as described above and cultured for tbree weeks in order to 
gain enough ceUs to acquire accurate cell counts. The cells were then re-plated at a 1:3 split 
and pulsed for 2 d with 10 KiM BrdU. The samples were washed twice with 1 mL DPBS. and 
fixed by incubation with 1:1 of DPBS: methanol overnight at 4°C temperature. The cells 
were permeabiHzed with 0.01% Tritron X 100 solution in DPBS for 5 minutes, washed and 
incubated with 2N HCl for 30 minutes at 37°C. They were then blocked with 1% BSA for 45 
minutes at 37«>C and were stained with fluorescently tagged antibodies to the BrdU (Alexa 
488) (1 :20 dilution) for 45 minutes at 37°C and propidium iodide (2 ng/mL PI for 10 min). 
Using an Olympus BX 61 fluorescence microscope, the total cellular population was 
visualized by the propidium iodide (red) staining, and dividing cells were visualized with the 
Alexa 488 (green) staining using appropriate TRTTC and FITC channels, respectively. 
Statistical analysis for this and other experiments was conducted using a one-way analysis of 
variance (ANOVA) with Sigma-Stat software (Jandel Scientific, San Rafael, CA). 



Osteogenic Differentiation 

[0151] MSGS were dried and rehydrated as described above. The cells were then replated 
in Lab-Tek slides and incubated under normal growth conditions (37 °C, 5% CO2, 90% RH), 
either in the presence of absence of osteogenic supplements (OS). OS medium consisted of 
D-MEM supplemented with 10% FBS (v/v). 0.1 nM dexamethasone, 50 ascorbic acid-2- 
phosphate, and 10 mM p-glycerophosphate. The cells were fed every 3-4 days by removing 
and Replacing the medium (+/- osteogenic supplements). The cells were grown for two weeks 
(+/- OS supplements) before usage in the calcium deposition assay. 
[0152] Differentiation along the osteogenic lineage was assessed by conducting a von 
Kossa stain for calcium deposition. Briefly, one well of a 2-well Lab-Tek sUde was used for 
each sample. The medium was removed and all wells were rinsed twice with DPBS. and then 
fixed with 10% formalin, followed by two additional washes with DPBS. To each well, 1 
mL 2% AgN03 was added, and the plates were incubated in the dark for 10 min. Following 
the AgN03 incubation, all wells were rinsed three times with water, leaving the last rinse on 
the cells. The plates were placed on a white background with tiie lids removed and exposed 
to bright light for 15 min. Finally, the wells were rinsed again thoroughly with water and air 
dried in the hood. Observation of a dark brown stain was taken as indication of calcium 
deposition. 
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[0153] To quantify the calcium deposition, triplicate samples of MSCs were loaded and 
dried to various water contents with trehalose alone or trehalose plus arbutin, as described 
above. The samples were rehydrated with excess medium and cultured in the presence of 
osteogenic siq)plements for two weeks. Medium was then removed from the samples, which 
were dissolved with 1 N HCl (1 mL). The calcium present was measured using the calcium 
quantitation kit from Cima Scientific (Dallas, TX), by comparison to a standard curve 
according to manufacturer's protocols. This assay is based on the principle of o- 
cresolphthalein binding to calcium which forms a purple complex that can be measured 
spectrophotometrically at 650 mn. 



Western Blot Analysis 

[0154] MSCs were incubated for 24 h in medium containing 1 0, 25, 50, or 1 00 mM arbutin 
at 37 °C, or were not incubated with arbutin (controls). The cells were collected by 
trypsinization, washed with DPBS, counted on a hemacytometer, and transferred into triple 
detergent lysis buffer (50 mM Tris-HCl pH 8.0, 150 mM NaCl, 0.02 % NaNs, 0.1% SDS, 5 
mM pefablock, 1 ng/mL aprotinin, 1% nonidet P-40, and 0.5% sodium deoxycholate) for 30 
min with ~5 sec vortex intervals every ~5 min. The suspensions were pelleted on an 
Eppendorf microfuge at 15,000 rpm for 15 min at 4 °C, and the supematants were recovered. 
The cell lysates were analyzed for protein content by the Lowiy method (BioRad QC protein 
assay kit), and diluted 1 :1 into 2X loading buffer (125 mM Tris-HCl, pH 6.8, 4% SDS, 20% 
glycerol, 10% beta mercaptoethanol, and bromophenol blue). The proteins were analyzed by 
SDS PAGE, using a 13% gel and 20 ng protein per lane and fransferred onto PDVF 
membranes in Towbin buffer (25 mM Tris base, 192 mM glycine, 20% methanol, pH 8.3). 
The blot was cut in half, so staining for HSP70 and HSP27 could be accomplished 
simultaneously. The blots were blocked with 5% non-fet dry milk, and stained with mouse 
anti-HSP70 (SPA 810, .1:1000 dilution), or mouse anti-HSP27 (SPA 800, 1 :1000 dilution), 
both from Stressgen Biotechnologies Corporation (Victoria, B.C, Canada), then stamed with 
goat anti-mouse antibody conjugated to alkaline phosphatase, and visualized by incubatmg 
with NBT/BCIB (both from Pierce Biotechnology, Inc, Rockford, IL). The blots were 
scanned and quantified using the program Quantity One fixim Bio-Rad. 
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[0155] This Example reports the results of the effects of arbutin on survival of MSCs 
during drying and rehydration. 

Mesenchymal stem cells survive drying to 0.3 g HzO/g dry weight 
(01561 MSCs were loaded with trehalose by a 24-h incubation in growth medium 
containing 100 mM trehalose. The trehalose-loaded cells were harvested by trypsinization 
and transferred into drying buffer containing trehalose (10 mM Hepes, 5 mM KCl, 65 mM 
NaCl, 150 mM trehalose, and 5.7% BSA with pH 7.2). In parallel, control cells were 
harvested by trypsinization, and transferred into drying buffer lacking trehalose (1 0 mM 
Hepes, 5 mM KCl, 140 mM NaCl, pH 7.2). AHquots of cell suspension (50 \xL at 1.25 x 10* 
cells/mL) were dried in the c^s of Eppendorf microfiige tubes by exposure to vacuum 
(pressure ~6 in Hg) for a period of 0-5 h. ViabiHty decreased with residual water content. 
The protective role of trehalose was clear from the data, especially below 2.0 g HiO/g dry 
weight, thus trehalose was included in all the subsequent experiments. It was found that 
-50% of the cells survived drying to -0.3 g HzO/g dry weight. That is, to our knowledge, the 
highest ViabiHty reported for nucleated cells taken to this level of dehydration. 
[0157] Aibutin was also tested as a possible protectant for the MSCs during drying. MSCs 
were loaded with the protective solutes by a 24-h incubation in growth medium containing 
100 mM trehalose or 70 mM trehalose and 40 mM aibutin at 37 ''C, 5% CO2, and 90% RH. 
The samples were then harvested by trypsinization and transferred into drying bufiEer 
containing trehalose only (10 mM Hepes, 5 mM KCl, 65 mM NaCl, 150 mM trehalose, and 
5.7% BSA with pH 7.2) or trehalose plus arbutin (10 mM Hepes, 5 mM KCl, 30 mM NaCl, 
150 mM trehalose, 70 mM arbutin, and 5.7% BSA with pH 7.2). The samples were vacuum 
dried to four different water contents spanning a large range for residual water (1 .34 - 0.23 g 
HaO/g dry weight) and rehydrated with excess medium. The viabilities were measured by 
propidium iodide (PI) exclusion. 

[01581 Arbutin provided neither a benefit nor UabiUty to the samples immediately 
following rehydration, as the trehalose-only and trehalose-plus-aibutin samples showed no 
significant difference in survival for any water content tested (P = 0.174). This result 
contrasted with the effect of other antioxidants, such as epigallocatechin gallate (EGCG), 
glutathione, or glutathione ester, which all caused large decreases in viability measured 
immediately after rehydration. This led us to hypothesize that arbutin might be a valuable 
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protective compound for the MSCs, since there was no drop in immediate viability, and the 
beneficial effects of arbutin were likely to appear over time in the rehydrated samples. 



Arbutin enhances recovery of vacuum-dried MSCs 

[01591 One method for measuring the recovery of the rehydrated cells is to examine the 
cellular metaboHsm of the rehydrated samples. The dye alamarBlue is reduced by actively 
metabolizing cells, and only the reduced form is fluorescent. MSCs were loaded and 
vacuum-dried to various water contents with trehalose only or trehalose plus arbutin, as 
described above. The samples were dried and rehydrated under sterile conditions, and then 
re-plated in medium containing 10% alamarBlue. After 24 h mcubation, the fluorescence of 
the medium was measured (Ex 530, Em 585) for all samples. 

[0160] At the highest water contents tested (1 .34 and 0.56 g HzO/g dry weight), there was 
no difference'in the ability of the rehydrated cells to reduce alamarBlue (P=0.588). As the 
water content was reduced below 0.4 g HzO/g dry weight, however, a significant difference 
appeared between the arbutin containing samples and tiie contirols (P=0.030). In fact, at 0.38 
g HzO/g dry weight, there was ahnost a four-fold increase in the fluorescence of tiie 
alamarBlue from the arbutin containing samples, as compared to the tirehalose-only samples. 
In both cases, the fluorescence dropped at the lowest water contents, but in the arbutin 
containing samples this decrease occured at a much lower water content (0.23 g HzO/g dry 
weight) than in the control samples (0.38 g HzO/g dry weight). This result indicates that at 
water contents below 0.5 g HzO/g dry weight, arbutin can provide a significant advantage to 
cell health over time following rehydration. 

[01611 Another, more stiingfent, test for rehydrated MSCs is whether the cells can grow and 
divide following rehydration. Bromodeoxyuridine (BrdU) can serve to label cells that are 
actively dividing, as it is only incorporated into newly synthesized DNA. MSCs were 
vacuum-dried in the presence or absence of arbutin, as described above. The cells were 
rehydrated under sterile conditions, re-plated, and cultured for 3 weeks, after which they were 
spUt 1 :3 and pulsed for 2 days with 10 jiM BrdU. The cultures were then washed, 
permeabiUzed, and stained witii fluorescentiy tagged antibodies to the BrdU (Alexa 488) and 
propidium iodide. The total cellular population was visualized by the propidium iodide 
staining, and the dividing cells were visualized with the fluorescent antibodies to BrdU 
(nuclei stained green). 
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[0162] The arbutm-containing samples had significantly higher cell counts at all except the 
highest water content tested (P= 0.001). This difference was particularly dramatic at the two 
lowest water contents tested (0.33 and 0.27 g HjO/g dry weight). In fact, at 0.27 g/g, no cells 
remained in the trehalose-only samples, but a considerable number of cells were stUl present 
in the arbutin containing samples. 

[0163] Of the ceU population present, the line plots show that approximately 70-80% were 
capable of cell division. There was very Uttle difference between the samples dried in the 
presence or absence of arbutin for this parameter (P=0.656). The finding that such a large 
percentage of the rehydrated ceUs could incorporate BrdU into newly synthesized DNA 
suggests excellent retention of normal, physiological processes, and the larger cell counts 
found in samples dried in the presence of arbutin provides further evidence that this 
hydroquinone enables enhanced recovery of dried and rehydrated MSCs. 



Arbutin enhances osteogenic differentiation of vacuum-dried MSCs 

[01641 We further investigated whether the rehydrated MSCs are capable of differentiation 
down the osteogenic pathway, as an indication of whether stem cells would retain 
differentiation capabilities following dehydration and storage. CeUs were loaded and 
vacuum-dried to 0.37 g HzO/g dry weight in the presence of trehalose or trehalose plus 
arbutin. The samples were then rehydrated under sterile conditions and cultured for two 
weeks in the presence or absence of osteogenic supplements (OS, 0.1 mM dexamethasone, 50 
pM ascorbic acid-2-phosphate, and 10 mM p-glycerophosphate). Differentiation along the 
osteogenic lineage was assessed by conducting a von Kossa stain for calcium deposition. 
Observation of a dark brown stain following tireatinent with AgNOs was taken as indication 
of calcium deposition. 

[01651 The samples grown in the absence of osteogenic supplements were negative for von 
Kossa staining, as expected. Both samples treated with the osteogenic supplements were 
positive for von Kossa staining, but it was much more pronounced in the samples that were 
loaded and dried with arbutin and trehalose, in comparison to samples that were loaded and 
dried with trehalose alone. These results show that the dried and rehydrated cells are indeed 
competent to differentiate along one of tiie normal developmental pathways, and tiiat arbutin 
augments tiiis ability. 
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[0166] Since the difference in the von Kossa staining was quite striking between the 
samples dried in the presence and absence of arbutin, we quantified the calcium deposition 
using o-cresolphthalein binding to calcium, which forms a purple complex that can be 
measured spectrophotometrically. TripUcate samples of MSCs were loaded and dried to 
various water contents with trehalose alone or trehalose plus aibutin. The samples were 
rehydrated under sterile conditions and cultured in the presence of osteogenic supplements 
for two weeks, as described above. The samples were then dissolved with 1 N HCl and the 
calchim measured using a kit from Cima Scientific and comparison to a standard curve. 
[0167] The results show that, similar to other measurements of cell health, there was little 
difference between the samples dried to the highest water contents. In samples dried to 0.47 
g HzO/g dry weight, calcium deposition found in MSG samples dried in the presence or 
absence of arbutin was virtually identical. In contrast, as water was removed, the difference 
between the samples became dramatic. At a water content of 0.30 g HzO/g dry weight, 
arbutin caused a 25-fold increase in the abiUtyofthe cells to deposit calcium. Clearly, 
arbutin conferred a distinct advantage to the dried MSCs, an advantage which appears over 
time after rehydration and enables the samples to more effectively differentiate when 
conditions are appropriate. 



Arbutin induces expression ofHSP70 in MSCs 

[01681 The chemical structure for arbutin resembles that of aspirin and salicylic acid, two 
known inducers of the heat shock response. We, therefore, addressed the hypothesis that one 
mechanism by which arbutin could impart some protective effect under stressfiil conditions is 
through inducing the expression of heat shock proteins in the MSCs. A Western blot analysis 
was conducted for HSP70 and HSP27 on samples incubated for 24 h at 37 °C in the presence 
of increasing concentrations of arbutin. 

[0169] Both the blots themselves and a line plot showing the quantitation of the 
immunostained protein bands indicate that arbutin causes a dose-dependent increase in the 
expression of HSP70, but not HSP27. The effect on HSP70 at 50 mM arbutin (which is 
similar to the concentration during the loading phase in the drying experiments), although not 
as dramatic as that at 100 mM, is still significant (P = 0.002 by ANOVA test, SigmaStat 
software). This result is consistent with a protective effect of arbutin through induction of 
endogenous heat shock proteins. However, aibutin also has several other beneficial 
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properties, as mentioned above. Thus, it is quite likely that the full protective role of aibutin 
is the result of a complex series of effects at both the membrane and cellular levels. 

F.X AMPLE Xn 

[0170] This Example discusses the results set forth in the previous Example. 
[01711 The current study has addressed the critical issue of whether dried and rehydrated 
mesenchymal stem cells can function normally in response to differentiation signals. Two 
protective compounds were investigated, trehalose and arbutin. Cells dried in the absence of 
both solutes did not survive well below 2.0 g HzO/g dry weight. This suggests that earlier 
reports, in which water contents were not quantified, but that showed high cellular viability or 
attachment to the growth surface, after drying in the absence of trehalose (e.g. Gordon et al., 
2001), were actually investigations of samples containing relatively high water contents. 
[01721 Samples loaded and dried in the presence of trehalose and arbutin showed Uttie 
difference in viability from samples loaded and dried with hrehalose alone when measured 
immediately following rehydration. This apparently negative result was actually a promising 
indication that arbutin could serve as a useful tool in preserving the MSCs during 
dehydration. Antioxidants can help protect against damaging reactive oxygen species (ROS) 
generated under mostly dehydrated conditions, but other antioxidants tested, such as EGCG 
and glutathione, caused large decreases in survival. Thus, the finding that aibutin was not 
disruptive to membrane integrity immediately after rehydration led to the possibiUty of 
exploiting its many protective properties during the various stages of loading, drying, 
rehydration, and culturing of the MSCs. 

[0173] Arbutin does not have a universally protective effect, however. In fact, the stiiking 
benefit of arbutin to dried and rehydrated MSCs was cell type-specific, as arbutin was toxic 
to 293H cells. It is weU established that the role of arbutin as eitiier stabilizer or destabilizer 
depends on the lipid composition of the membranes present, and this can help to explain the 
contrasting efifects on different cell types. 

[01741 Besides arbutin, otiier amphiphilic compounds are common in desiccation tolerant 
plant tissues, such as seeds and pollen grains. These compounds quite often partition into 
membranes to a greater extent during drying than in the fiilly hydrated state, which is likely 
to be the case for arbutin as well. The protective role of these compounds remains something 
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of a puzzle, as they often cause membrane leakage when tested in vitro. Their presence in 
tissues and organisms capable of withstanding dehydration must indicate that their beneficial 
effects (most are strong antioxidants) outweigh their damaging properties, at least in the 
region of the specific target membranes where they are found. The current findings indicate 
that, under specialized conditions, amphiphiles such as aibutin can be used in the 
preservation of cells or tissues unrelated to those firom which they came. 
[01751 In the days and weeks following rehydration, the samples dried in the presence of 
arbutin showed much stronger recovery, as measured by cellular metaboUsm and cell count. 
In contrast, there was no significant difference between the samples dried in th? presence or 
absence of arbutin with regard to BrdU incorporation. This was very likely a result of 
experimental protocol, however. In order to have enough cells for an accurate count, the 
rehydrated cells had to be cultured for three weeks before the BrdU pulsing could take place. 
During this time, the unhealthy cells could have been lost due to such things as poor 
attachment. Tliis could have led to the high percentages (70-80%) of the cell populations that 
were capable of division. Nevertheless, the finding that both treatments produced cell 
populations capable of cell division, as measured by BrdU incorporation, is a significant 
advancement in the effort to preserve nucleated cells. Further, arbutin-treated samples did 
show a strong advantage in relation to the number of cells present after three weeks, 
especially when the samples were taken to water contents below 0.5 g HzO/g dry weight. In 
combination with the results on osteogenic differentiation, these data confirm the abiUty of 
aibutm to aid recovery of the dried and rehydrated MSCs. 

[01761 Based on the similarity of the chemical structure of aibutin with known inducers of 
the heat shock response, a Western blot analysis for HSP70 and HSP27 was conducted, 
Indeed, arbutin caused a dose dependent increase in the expression of HSP70. Arbutin has 
been shown to increase the fluidity of dry and hydrated model membranes, because it mserts 
with its phenol moiety into the bilayer, and lowers the gel to Hquid crystalline phase 
transition temperature. This is similar to the effect of other fluidizing agents, such as benzyl 
alcohol, which are known to lower the temperature at which the heat shock response is 
activated. Thus, arbutin's effect of inducing the expression of HSPs correlates well with the 
membrane trigger hypothesis for induction of the heat shock response. 
[01771 It is less likely that arbutin induced the expression of heat shock proteins m the 
MSCs by causing osmotic stress. Osmotic stress can cause such a response, but the 
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concentrations necessary are much higher. The highest concentration of arbutin used (100 
mM) is not sufficient to cause expression of HSPs by this mechanism. Further, 100 mM 
trehalose had the opposite effect, and actually decreased the expression of heat shock protems 
in the MSCs. We therefore suggest that trehalose might lower the level of stress "perceived" 
by the ceUs and thus inhibit the heat shock response to a certain degree, a hypothesis we are 
currently exploring. 

[01781 The increased expression of heat shock proteins could serve to stabUize proteins 
and membranes in the MSCs under stressful conditions. In addition, HSP70 has been shown 
in inhibit apoptosis caused by the leakage of cytochrome C &om the mitochondria. Thus, the 
induction of these proteins could be one main mechanism by which arbutin aids recovery of 
the MSCs following rehydration. 

[0179] It is likely that inducing the heat shock response is not the only mechanism by 
which arbutin affects tiie cells, however. Arbutin has many varied effects on membranes, 
including inserting into the lipid bilayer at tiie phenol moiety, decreasing the phase transition 
of dry lipid, preventing enzymatic lipid hydrolysis, acting as an anti-oxidant, relaxing 
negative curvature and stabilizing the lamellar phase of membranes containing non bilayer- 
forming lipids, and stabilizing certain compositions of membranes to freeze-thaw and drying 
stresses. Thus, it is reasonable that the added protection that arbutin affords to tiie MSCs 
during drying is a complex process involving more than one pathway. 
[0180] In summary, MSCs loaded and dried in tiie presence of tirehalose showed almost 
60% viabiUty after drymg to 0.38 g HzO/g dry weight. Including arbutin in tiie loading and 
drying media did not change tiie viability when measured immediately after rehydration, but 
dramatically increased recovery of tiie MSCs, as measured by metaboHsm and cell count. 
Botii tireatinents produced rehydrated cells capable of cell division, as measured by BrdU 
incorporation. When tiie cells were induced to differentiate down the osteogenic lineage, 
botii b^eatments resulted in positive von Kossa staining. However, when tiie cells were dried 
to tiie lower water contents, arbutin caused nearly a 25-fold increase in tiie cells' ability to 
deposit calcium under osteogenic conditions. The effects of arbutin are likely to result from 
more than one mechanism, but one possible candidate is tiie induction of endogenous heat 
shock proteins, which was shown by Western blot analysis to be a dose-dependent effect of 
arbutin in MSCs. 
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AMPLE xm 

[01811 This Example shows the transfection of cells with an exampkr apoptosis inhibitor 
and expression of HSPs in cells. 

[0182] Apoptosis was monitored during dry storage of CANARY cells. CANARY cells 
are murine B cells designed for use in biosensors. See, Rider et al., Science 301 :213-215 
(2003). Each line of CANARY cells is a clone specific to detect a certain antigen (e.g. 
anthrax, plague, smallpox, etc). When the cells detect their specific antigen (or are exposed 
to an IgM), the internal calcium concentration increases. Because the cells are engineered to 
express the jellyfish protein aqueorin, when the internal calcium concentration increases, they 
give off a burst of Ught that is measurable by a bioluminometer. The presence of the reporter 
protein makes them convenient to work with; however, the results obtained are expected to 
be generally applicable. 

[0183] CANARY cells (4 flasks) were prepared for drying by a 24-h incubation in growth 
medium, in the presence or absence of 75 mM trehalose, in the presence or absence of 30 iiM 
OPH-109, a pan caspase apoptosis inhibitor (MP Biomedicals), in the presence or absence of 
30 nM Caspase 1 inhibitor H and in the presence or absence of 20 \ig /ml Bcl-xL (a 
cytochiX)me c release inhibitor). The cells were vacuum-dried in 50 \iL droplets under the 
same four conditions at 25 °C, to a residual water content of 0.49 g HzO/g dry weight. 
Samples were protected by trehalose + OPH-109+ Bcl-xL. ViabiHty and apoptosis were 
quantified using flow cytometry immediately following drying and rehydration, or after 24 or 
48 h storage in individually sealed vacuum packets at 4 «C in the dark. The cells were loaded 
and dried in the presence of both trehalose and OPH-109, which produced nearly 70% viable 
cells and only -25% apoptotic cells following rehydration. We got same results in the 
presence of trehalose and OPH and Caspase 1 inhibitor H or Bcl-xL, but the effect of Bcl-xL 
was better than Caspase 1 inhibitor H on the storage process and after storage for 24 h, the 
viability was still greater than 30%. 

[01841 We also investigated the bioluminescence after drying CANARY B cells in the 
presence or absence of 75 mM trehalose, in the presence of both trehalose + 30 M-M OPH- 
109, as described above, to a residual water content of 0.71 g HiO/g dry weight. The 
bioluminescence was quantified using Sirius Luminometer immediately foUowmg drying and 
rehydration, using IgM as stimulator. The cells that were dried in tiie absence of trehalose 
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Showed a much lower signal in comparison to the undried controls than did the cells loaded 
and dried in the presence of trehalose or trehalose + OPH. This suggests that trehalose and 
OPH are very helpM for CANARY B ceUs during drying 

(01851 The presence of heat shock proteins in CANARY B ceUs was investigated by 
Western blot analysis and immunoostaining. The cells were washed with DPBS. counted on 
ahemacytometer. and transferred into triple detergent lysis buffer (50 mM Tris-HCl pH 8.0. 
150niMNaC1.0.02%NaN3,0.1%SDS.5mMpefablock, 1 ^g/mL aprotinin, l%nonidetP- 
40, and 0.5% sodium deoxycholate) for 30 min with ~5 sec vortex intervals every ~5 min. 
The suspensions were pelleted on an Eppendorf microfoge at 15,000 rpm for 15 min at 4 "C, 
and the supematants were recovered. The cell lysates were analyzed for protein content by 
the Lowry method (BioRad QC protein assay kit), and diluted 1:1 into 2X loadingbuffer (125 
mM Tris-HCl. pH 6.8, 4% SDS, 20o/o glycerol, 10% beta mercaptoethanol, and bromophenol 
blue), -nieproteins were analyzed bySDS PAGE, usingal3% gel and20 ^gproteinper 
lane and transferred onto PDVF membranes in Towbin buffer (25 mM Tris base. 192 mM 
glycine, 20% methanol. pH 8.3). The membrane? were blocked with non-fat milk and probed 
with antibodies to HSPllO. HSP90, HSP70, HSP60, HSP27, and a-B-crystallin, as well as 
secondary antibodies conjugated to alkaline phosphatase. The CANARY B cells strongly 
expressed HSPl 10. HSP90, and HSP60. 

[01861 It is understood that the examples and embodiments described herein are for 
iUustrative purposes only and that various modifications or changes in Ught thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of 
this application and scope of the appended claims. All pubUcations, patents, and patent 
appUcations cited herein are hereby incorporated by reference in their entirety for all 
purposes. 
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